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 ABSTRACT 
 
 
Elephants, as megaherbivores and keystone species have major impacts, both positive 
and negative, on ecosystems such as the Subtropical Thicket of the Eastern Cape. The 
feeding behaviour of elephants was quantified so as to firstly determine the preferred 
feeding heights of elephants, and secondly to determine if feeding behaviour and impact 
varies with size and sex. The preferred feeding height was determined with experimental 
feeding trials. Feeding height, pluck size, foraging rate and the proportion of plant 
material discarded were used to test for differences between elephants of different sizes 
and sexes in the Addo Elephant National Park. The influence of plant growth form on 
sex-specific feeding was also considered.  Elephants preferred to feed at the lowest 
heights. The preferred feeding height was not related to body size. A wide range of 
feeding heights was recorded including and extending beyond, both the preferred and 
maximum feeding height of co-existing indigenous browsers. There was no difference in 
feeding height between the sizes and sexes. In free ranging conditions, all elephants fed at 
levels above the preferred foraging height when browsing. There was no difference in 
feeding behaviour between the different sized elephants, or between males and females. 
Adult elephants however exhibited larger ranges of feeding heights, pluck sizes, foraging 
rates and intake rates, including the maximum and minimum values. Growth form 
influenced the feeding of male and female elephants differently. Elephant feeding 
behaviour appears to limit opportunities for resource partitioning by way of feeding 
height segregation. Elephants are also capable of dominating the browse resources 
available to co-existing browsers by removing large amounts of forage at lower heights. 
The extent of elephant impact seems to be comparable between sizes and sexes, although 
adults and especially larger males are often able to use foraging opportunities that other 
elephants can not effectively utilize. Findings suggest that the feeding heights of 
elephants are determined by forage availability and reflect the diet in terms of browse or 
grass. The findings can be used, together with browse inventory methods, to determine 
browse resources available to elephants, and can also be used to develop monitoring tools 
to assess the impacts of elephants on plants.  
 
Keywords: Thicket biome, elephants, foraging ecology, feeding height, resource 
partitioning, body size, sex specific feeding, elephant impact 
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 CHAPTER 1 
INTRODUCTION 
 
 
Elephants are the largest terrestrial herbivores, requiring vast amounts of forage to sustain 
their large body size. Elephants can, as a result of their size and behaviour, have great 
impact directly on plants, and indirectly on other animals and plants in ecosystems 
(Owen-Smith 1992, Kerley & Landman 2006).  A consequence of the impact of 
elephants is the observed changes in vegetation structure, mostly the conversion of 
woodland to savanna or grasslands (Russel 1968, Norton-Griffiths 1979, Pellew 1983, 
Owen-Smith 1992), and species composition and abundance (Penzhorn et al. 1974, 
Barratt & Hall-Martin 1991, Jachman & Croes 1991, Lombard et al. 2001). The changes 
have mostly been attributed directly to elephant foraging.  In many cases elephants are 
present in numbers exceeding their “carrying capacity” which amplifies their impact, 
although elephants do not need to be present in very high numbers to have an obvious 
impact on their environment (Pellew 1983, Owen-Smith 1992).  
 
There is a need to manage systems for the conservation of elephants. As keystone species 
they are important for the function and structure of many ecosystems. There is also a 
need to conserve ecosystems including other plant and animal species (Kerley et al. 
1995).  Effective management is only possible if a clear understanding of the mechanisms 
underlying the changes seen in ecosystems exists, and the consequences are quantified 
and understood (Pellew 1983, Kerley & Landman 2006).  It is important to consider 
elephant impact as a function of body size and sex; as individual differences in 
morphology and behaviour within a population is a function of sex, size and age 
(Provenza & Malecheck 1986) and results in the population not functioning as a 
homogeneous group (Ziv 2000, Bowyer 2004, Calhim et al. 2006). This will have 
implications for their interaction with the environment, other members of the population, 
their food source and the relative impact that they will have (Ziv 2000, Calhim et al. 
2006). 
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 To understand the cause, effect and differences of the allometric relationships, their role 
in resource partitioning (Jarman & Sinclair 1979) and the effect that this will have on 
systems and ecological processes within them, can give insight into natural processes 
(Schoener 1974, Hanley & Hanley 1982). This is important for the conservation as well 
as the management of ecological systems (Jarman & Sinclair 1979). 
 
1.1 BODY SIZE AND FEEDING BEHAVIOUR 
Allometric relationships exist between body size and biological variables such as spatial 
distribution, metabolic requirements and digestive system (Illius & Gordon 1992), the 
way in which food is procured and consumed, and hence also carrying capacity and the 
impact on the environment  (Ziv 2000). 
 
Therefore the amount and type of plant material that a herbivore will remove from a plant 
during foraging will be influenced by the need to meet daily metabolic requirements as 
determined by body size (Hanley 1982, Demment & Van Soest 1985, Owen-Smith 
1992). Energy requirements as well as other factors relating to the morphology of both 
plant and browser also play a deterministic role in diet composition (Owen-Smith 1992, 
Makhabu et al. 2006) and selection (Jachman & Bell 1985, Gillingham & Bunnell 1987).  
  
Larger animals have higher absolute metabolic requirements than animals with a small 
body size, but have the advantage of lower requirements relative to body weight as 
metabolic rate is proportional to the three-quarter power of body weight (M0.75) (Kleiber 
1932, Schmidt-Nielsen 1984 in West et al. 2000). In comparison to large animals, smaller 
animals thus require more energy and nutrients for maintenance and general functions per 
unit body weight, but also have a smaller capacity to meet their higher metabolic 
demands as gut capacity and metabolism has a 1:1 ratio (Demment & Van Soest 1985, 
Owen-Smith 1992).  
 
The type of digestive system coupled with body size is possibly an even more important 
determinant of forage intake and digestibility (Demment & Van Soest 1985, Illius & 
Gordon 1992). Although a larger body size and gut capacity leads to potentially longer 
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 retention times and more thorough digestion, the elephant is a hindgut fermenter and 
shows a relatively fast digestive passage rate relative to body size, that enables higher 
food intake (Owen-Smith 1992, Clauss et al. 2003). They are able to tolerate a lower 
quality diet and although faster passage rates lead to lower digestive efficiency, elephants 
are able to achieve the same digestive capabilities as equids with lower specific food 
intake (Owen-Smith 1992). 
 
The young individuals and the smaller females of sexually dimorphic species such as 
elephants would therefore have relatively greater requirements than larger adult males of 
the species (Stokke & Du Toit 2000). They would need to consume more food in relation 
to body size (Kyriazakis 1990, Owen-Smith 1992) and would be expected to feed more 
selectively on food with higher energy and nutrients, and less fibre (Stokke & Du Toit 
2000, Provenza & Malechek 1986). In contrast larger individuals need to consume a large 
total quantity of forage and can effectively use forage that ranges in quality (Owen-Smith 
1992 , Stokke & Du Toit 2000) including higher quality forage if abundant (Clauss et al. 
2003) as well as lower quality forage (Owen-Smith 1992). 
 
Male elephants would therefore be able to successfully compete with both female and 
younger elephants and smaller herbivores for the same resources (Clauss et al. 2003) and 
have a potentially relatively higher impact on vegetation than females or young 
elephants.  
 
Other morphological characteristics that are scaled with body size also play a 
deterministic role in feeding mechanism and selection (Hanley 1982); enabling or 
limiting browsers to optimise foraging behaviour and forage intake (Wilson 2001).  The 
selection of food takes place on many levels, such as the selection of habitat, plant type or 
species and plant parts (Jarman & Sinclair 1979). The levels at which selection will take 
place depends on body size, with larger species or individuals tending to be less selective 
and smaller species or individuals selecting up to the plant parts level (Jarman & Sinclair 
1979, Owen-Smith 1985, Wilson 2001). 
 
 3
 Body size, together with special feeding apparatus such as the trunk of an elephant or 
specially adapted foraging behaviour as for arboreal species (Wilson 2001), determines at 
what level a browser would be able to forage and thus determines the foraging 
opportunities available. Larger elephants with their larger body size and prehensile trunk, 
would therefore be able to exploit foraging opportunities at higher vertical levels than 
smaller elephants and other (non-aboreal) browser species that are restricted by the reach 
of their necks (Wilson 2001). The fact that elephants can also assume a bipedal stance 
would increase vertical foraging opportunities (up to 8 m, Croze 1974) beyond those of 
co-existing browsers, although this may only be advantageous in vegetation types which 
offer such opportunities. Elephants, especially males, are known to push over trees. This 
destructive behaviour has been hypothesized to be adaptive foraging behaviour to make 
otherwise unobtainable forage available by lowering the height of foliage and also when 
trees coppice after being pushed over (Owen-Smith 1992, Stokke & Du Toit 2000). 
These hypotheses were however recently rejected in favour of the hypothesis that 
elephants use this as training for dominance contests (Midgley et al. 2005). 
 
Adaptations such as the wider incisor breadth (Owen-Smith 1992) of larger herbivores 
also aid in higher intake of forage to meet nutritional demands.  The wider incisor breadth 
increases the gape of the mouth and thus the depth and size of the bite a browser can 
remove from a plant (Hanley 1982, Owen-Smith 2002). Features such as the 
exceptionally wide mouths of megaherbivores, like rhinos, and special feeding apparatus 
such as the elephant’s trunk, are adaptations to counter factors that may limit bite size and 
feeding rate. These factors include the growth form of the plant, biomass, size and 
arrangement of leaves, spinescence and fibre content (Owen-Smith 1992, Wilson 2001). 
The larger browsers and megaherbivores therefore have an advantage over smaller 
browsers as the adaptations discussed above, allows them to achieve higher intake levels. 
Smaller browsers have the advantage of narrower muzzles which allows them to feed 
more selectively and utilize higher nutritional plant parts, e.g. they can remove leaves 
amongst spines (Cooper & Owen-Smith 1986, Belovsky et al. 1991, Wilson 2001, 
Woolnough & Du Toit 2001). 
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 1.2 SEX AND FEEDING BEHAVIOUR 
Female elephants’ food intake is not only governed by the need to meet body size-related 
metabolic requirements, but will also be influenced by the nutritional demands put on 
pregnant or lactating individuals (Oftedal 1985 in Sukumar 2003, Gross et al. 1996, 
Pérez-Barberia & Gordon 1999). Thus where males invest in the ability to compete with 
rivals for the opportunity to mate, females invest in pregnancy, gestation and the rearing 
of young (Main & Coblentz 1996). Pregnant and lactating females would therefore be 
expected to select higher quality forage (Stokke 1999), increase the size of plucks, 
increase intake rate or possibly spend longer periods foraging (Prache 1997, Ruckstuhl 
1998, Stokke & Du Toit 2000, Shannon 2005) than non-pregnant or non-lactating 
females and males, of the same body size.  
 
Group living affords female elephants social benefits such as antipredator behaviour and 
co-operative rearing of young (Hopewell et al. 2005, Wittemyer et al. 2005), however it 
may subject members to the constraints of foraging in groups (Fritz & De Garine-
Wichatitsky 1996). Group living is characterized by co-ordinated behaviour (Wittemyer 
et al. 2005) which may limit time available to forage.  Foraging in groups may also lead 
to competition for limited high quality forage items and also for vertical foraging 
opportunities (Stokke & Du Toit 2000, Wittemyer et al. 2005). 
 
The two elephant sexes have been described as behaving as two ecologically distinct 
species largely because of their differences in body size and social behaviour (Bowyer 
2004, Shannon 2005) with implications for their impact, conservation and management.  
Sexual segregation is hypothesized to be a consequence of sexual dimorphism that can be 
explained by both the different energy demands and diet selection (forage selection 
hypothesis) (Ruckstuhl & Neuhaus 2000, Stokke & Du Toit 2000) or allometry, digestive 
retention and differing reproductive requirements (the gastrocentric model) (Borboza & 
Bowyer 2000, Bowyer 2004).  
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 1.3 GROWTH FORM AND FEEDING BEHAVIOUR 
The interaction between plants and animals has shaped both animal and plant 
communities (Spencer 1995) with body size correlating with the main food type that an 
animal uses (Owen-Smith 1985). Herbivores will further respond to the availability, 
morphology, energy content, digestibility, specific nutrients, toxins and digestive 
inhibitors (Hanley 1982) as they vary within individual plants, between plant species, 
growth forms and seasons (Jarman & Sinclair 1979, Gillingham & Bunnell 1987, Owen-
Smith 1992). Structural plant defenses such as spinescence and dense and impenetrable 
vegetation may also, to a great extent, inhibit or alter feeding behaviour in such a way 
that the rate of forage intake is reduced (Cooper & Owen-Smith 1986, Belovsky et al. 
1991). 
 
Owen-Smith (1992) also highlighted the interaction that exits between the herbivore and 
plant. Although larger browsers have a relatively lower metabolic rate and adaptations to 
increase forage intake, wider incisor breadth and longer retention times, they still increase 
the time spent foraging (forage for relatively longer times during 24 hours), to increase 
forage intake. Therefore the plant structure, abundance and availability influence the 
intake of food in such a way that herbivores having adaptations that should decrease time 
spent foraging relative to body size, have to forage for longer times.  The total time 
available for foraging influences the total daily intake that can be achieved (Shipley et al. 
1999). The intensity of elephant impacts also vary amongst plant species and growth 
forms as does the ability to recover from elephant damage (Owen-Smith 1992, Paley 
1997).  It is therefore important to also consider growth forms and plant species when 
investigating both elephant feeding behaviour and the impact. 
 
1.4 RESOURCE PARTITIONING 
The co-existence of species in a community depends upon the access of each species to 
some resource that is unavailable to the other (Schoener 1974, Wilson 2001). It is 
hypothesized that past evolutionary pressure to avoid interspecific competition for 
limiting resources led to resource partitioning amongst members of co-evolved 
communities (Owen-Smith 1985, Spencer 1995). Resource partitioning can exist on 
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 many levels and can involve mechanisms such as temporal and spatial separation (Jarman 
& Sinclair 1979), feeding height segregation, feeding preferences and efficiencies, 
digestive capabilities and forage selection strategies (McNaughton & Georgiadis 1986, 
Provenza & Malechek 1986, Wilson 2001). 
 
The difference in body size and nutritional requirement that exist between adult and 
juvenile elephants, and male and female elephants may therefore create or even 
necessitate opportunities for resource partitioning in areas where they occur at high 
densities and where resources are limited.  Possible mechanisms of resources partitioning  
between elephant bulls and cows, and between adult and juvenile elephants, could 
therefore include feeding height segregation (Owen-Smith 1992, Stokke & Du Toit 
2000), utilizing different plant parts (Illius & Gordon 1987, Stokke & Du Toit 2000), 
quality of forage (Illius & Gordon 1987) and, choosing feeding-patches that differ in 
forage quality and vegetation composition (Stokke 1999).  
 
The fact that elephants are so much larger than most co-existing herbivores, have greater 
impacts on vegetation and can dominate resources (Owen-Smith 1992, Fritz et al. 2002, 
Owen-Smith 2002), can also lead to competition for resources and the need for resource 
partitioning. Co-existence between herbivores may be achieved through differences in 
feeding height (Wilson 2001, Woolnough & Du Toit 2001), bite size (Stokke & Du Toit 
2000, Illius & Gordon 1987) and foraging rate (Owen-Smith 1992).  
 
1.5  IMPACT 
The impact of herbivores on plants is a function of overall intake and feeding ability. It 
may not be limited to fulfilling the forage requirements of the species, as many species 
discard plant material (e.g. seed husks, plant stems, etc) while feeding (Kerley 1992, 
Paley 1997). Understanding these impacts is important for developing a predictive model 
of the resources available to a herbivore and for how a species will impact on the 
vegetation. 
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 Elephant use and impacts will vary within and between different systems and vegetation 
types (Duffy et al. 2002, Gadd 2002, Conybeare 2004) as factors such as soil, climate, 
community structure, other herbivore species and elephant densities differ (Dublin 1996, 
Kerley & Landman 2006). Findings on specific elephant foraging behaviour can aid in 
the understanding of elephant impacts as a whole but can only be extrapolated to other 
vegetation types and systems with caution (Norton-Griffiths 1979, Landman & Kerley 
2006).  
 
This study aimed to quantify size and sex related elephant feeding behaviour in the 
Subtropical Thicket of the Eastern Cape to be used in the assessment and prediction of 
elephant impact and offtake. The implications of elephant feeding behaviour for resource 
partitioning with other co-existing browsers were also assessed. 
 
The objectives of the study were firstly to determine the preferred feeding height of 
elephants and to relate this to elephant size. The second objective was to quantify and 
compare size and sex specific elephant foraging behaviour in the Addo Elephant National 
Park. 
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 CHAPTER 2 
PREFERRED FEEDING HEIGHT OF ELEPHANTS 
 
 
2.1 INTRODUCTION 
Resource partitioning is a mechanism whereby syntopic species are thought to be able to 
co-exist (Lamprey 1963, Schoener 1974, Spencer 1995). Differential use of resources, 
particularly when resources are limited, alleviates potential competition between and 
within species and thereby makes co-existence through resource partitioning possible 
(Lamprey 1963, Jarman & Sinclair 1979, McNaughton & Georgiadis 1986, Voeten & 
Prins 1999). Feeding height stratification is one of the mechanisms by which resource 
partitioning can be achieved by species with overlapping food preferences (Lamprey 
1963, Wilson 2001) and distribution.   
 
In the guild of co-existing African herbivores, body size and the scaling thereof are 
related to the distribution and quality of available food sources (Owen-Smith 1985, Du 
Toit 1988) and possible resource partitioning (Lamprey 1963, McNaugton & Georgiadis 
1986). It is clear that body size is important in feeding height stratification, with larger 
animals being able to feed at higher levels in the plant community than smaller animals 
(Du Toit 1988, Wilson 2001), for non-arboreal species (see Nugent et al. 2001).  Whereas 
larger animals can also feed at the lower levels that smaller animals can reach (Du Toit 
1988), smaller species cannot feed higher than their body size allows them to reach, 
unless they are able to climb. Resource partitioning by way of feeding height 
stratification thus only truly operates when each syntopic species feeds at a different 
height (Du Toit 1988) and thereby benefits from avoiding use of shared, limiting 
resources.  
 
Studies on free-ranging elephants have found that they concentrate their browsing below 
2 m; in the 1 m- 2 m range (Guy 1976, Jachman & Bell 1985, Paley 1997, Stokke & Du 
Toit 2000, Frost 2001, Greyling 2004, Shannon 2005). These heights are above the 
preferred (and for smaller species, the maximum) feeding heights shown for co-existing 
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 browsers in thicket habitats in the Eastern Cape, South Africa (Wilson 2001). The 
feeding heights selected by elephant (and the other browsers) may depend on many 
factors. These factors include vegetation structure (Woolnough & Du Toit 2001), 
availability, forage production, browser population densities, intra- and interspecific 
competitors and seasonal changes in availability (Du Toit 1988). 
 
Elephant feeding height is also relevant from the perspective of plant regeneration. For 
example, Stuart-Hill (1992) proposed a model whereby the top-down browsing of 
elephants may explain the resilience of Eastern Cape Subtropical Thicket to elephant 
browsing and contrasted this with the unsustainable “bottom-up” feeding of goats.  He 
based this model on Portulacaria afra, a succulent shrub that is found in thicket and 
which is frequently browsed by elephants (Paley 1997, Landman (in prep)). According to 
Stuart-Hill (1992) P. afra reproduces vegetatively via a “skirt” of rooted side branches 
around the plant.  Goats with their bottom-up feeding would defoliate the lower branches 
and prevent regeneration. This model would be supported if it was shown that elephant 
actually preferred to feed above the height of regenerating branches. 
 
To date, however, feeding height preferences have not been determined for elephant, 
despite the importance of this information for understanding both the co-existence of 
browsers and the mechanisms of plant regeneration, particularly in the thicket. 
 
The selection of feeding heights of tame elephants was therefore experimentally 
determined and is reported here. This was done under conditions where factors 
influencing or restricting foraging behaviour, such as vegetation structure (e.g. Wilson 
2001) did not play a role.   
 
Based on published information of feeding height preferences for other browsers (Wilson 
2001), we hypothesized that elephant would prefer to feed at shoulder height. 
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 2.2 MATERIALS AND METHODS 
2.2.1 Location and Study Animals 
The study was conducted with tame elephants (n = 22) at four different elephant-based 
tourism operations. These included Addo Elephant Back Safaris, Hartebeespoortdam 
Elephant Sanctuary, Knysna Elephant Park and Pilanesberg Elephant Back Safaris (Table 
2.1).  Most of the elephants were orphaned following culling operations and had been in 
captivity since a young age (C. Saunders1, Alex Wypond pers. comm.2). All animals 
were of post-weaning age. 
 
The elephants are all brought into an enclosure at night, and either have free range of the 
various properties, or are kept in larger areas to interact with tourists during the day.   
 
The elephants are fed various diets, including commercially available pellets, lucerne 
(alfalfa), tef hay and natural browse in the form of cut branches. They also have access to 
the natural vegetation available on the properties.  In Knysna, elephants receive 
additional pellets, fruit and vegetables given by tourists and handlers. The elephants in 
Addo only occasionally receive oranges. The elephants from the other two establishments 
do not receive food from tourists. 
 
2.2.2 Feeding height trials 
Feeding height trials involved offering the elephants access to a standardized foraging 
opportunity in order to control variation in availability and quality of forage across the 
potential feeding height range.  The actual feeding trial apparatus varied slightly 
according to the opportunities at each site and offered food items comprising fruit or 
vegetables (oranges, apples or butternut squash). The particular food items were 
recommended by the specific elephant owners as being highly desirable.  The food items 
were attached to nails or pegs on the feeding apparatus up to a height of 6 m, with 
individual food items at 25 cm intervals. This is an adaptation of the feeding height board 
used by Haschick & Kerley (1996).  
                                                 
1 C. Saunders, Hartebeespoortdam Elephant Sancturary, Hartebeespoortdam 
2 A. Wypond, Knysna Elephant Park, Knysna  
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 The elephants were habituated to the feeding apparatus prior to the trials. During the 
trials the elephants were allowed to approach the feeding apparatus individually from a 
distance of at least 10 m away. The sequence of heights in which the food items were 
removed, was recorded. This was repeated five times for each individual. The height of 
the first food item removed was recorded as the preferred feeding height. The height of 
the highest food item removed was recorded as the maximum feeding height (Haschick & 
Kerley 1996, Wilson 2001).  The sequence of the heights of all successive food items 
taken was recorded until the elephant lost interest in the feeding apparatus and moved 
away.   
 
The shoulder heights of the elephants were measured against a measuring staff by 
allowing the elephant to stand next to the measuring staff and measuring from the ground 
to the top of the shoulder. Shoulder heights for individual elephants are shown in  
Table 2.1.  
 
2.2.3 Data analysis 
The relationship between shoulder height and maximum feeding height and shoulder 
height and preferred feeding height were calculated using linear regressions with 
significance assessed at the 95 % level (Zar 1999).  
 
The heights at which the elephants selected the food items were assigned ranks. Ranks 
were awarded in succession so that the first height selected (preferred height) received 
the highest rank and the last height selected received the lowest rank. Heights with the 
highest ranks then indicate preference, i.e. that they were picked first.  Heights where no 
food items were selected received a rank of 0.   
 
Friedman’s Repeated Measures ANOVA on Ranks (Zar 1999) were used to test the 
hypothesis that the ranked order in which the food items were selected was the same for 
all the heights.  Only the last of the five repeats was used for this analysis in order to 
account for any possible habituation during the series of trials.  Tukey’s post hoc test was 
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 used to isolate heights for which the rank order differed significantly and thus showed 
preference for specific feeding heights. 
 
Table 2.1   Location, names, sex and shoulder heights of elephants used in the feeding 
trials 
Elephant Sex Age (yrs) Shoulder height (m)
Knysna (n = 5)
        Harry Male 15 2.64
        Sally Female 15 2.57
        Nandi Female 11 2.28
        Thambile Female 10 2.31
        Shaka* Male 3.5 1.51
Addo (n = 3)
        Mukwa Male 13 2.65
        Duma Male 12 2.65
        Thaba Male 13 2.56
Hartebeespoortdam
Elephant Sanctuary (n = 9)
       Maroela Female 11 2.10
       Temba Male 3.5 1.75
       Khumba Female 12 2.25
       Jaba Female 11 2.10
       Thandi Female 10 2.10
       Kistso* Male 5 1.75
       Kasper Male 15 3.00
       Mvusu Male 5 1.75
       Tumelo Female 5 1.70
Pilanesberg Elephant Back 
Safaris (n = 5)
      Chikwonya Female 20 2.57
      Mana Male 20 2.62
      Sapi Male 20 2.54
      Sharu Male 20 2.57
      Michael Male 20 2.72
* Not included in the ANOVA as feeding sequences could not be accurately observed.
 
 
The large difference in elephant shoulder height (Table 2.1) might have influenced and 
therefore accounted for variation in feeding height selection. The elephants were 
therefore divided into three height-class groups (1.5 -1.9 m, 2.0 - 2.5 m and 2.5 – 3 m). 
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 Only the feeding heights up to 3 m were used in the analyses for all three groups, as this 
was the lowest maximum height which all the individuals reached.  
 
The elephants used for this experiment were seen as a sample representing all trained 
elephant and therefore the origin of the elephants was not taken into consideration for 
analysis. Two of the elephants were not used in the ANOVA of the sequence of preferred 
feeding heights due to the fact that the sequence of food items taken could not be 
accurately recorded. The data of these animals were however included in the analysis of 
the preferred and maximum feeding heights. 
 
2.3 RESULTS 
The elephants used in the trials varied in shoulder height from 1.51 – 3.00 m (Table 2.1). 
The mean preferred feeding height for all elephants was 0.25 m (range = 0 - 1.25m), and 
the regression analysis showed that shoulder height was not significantly related to 
preferred feeding heights (r2 = 0.16, p = 0.069, n = 22) (Fig. 2.1). When these results are 
compared to the ranked order of heights picked by elephants (Fig. 2.2), it can be deduced 
that elephants, irrespective of size, preferred to forage at lower heights (0.25 m and 0 m).  
 
The mean maximum feeding height for all elephants was 3.74 m (range = 2.20 – 5.25 m). 
There was a significant relationship between maximum feeding height and shoulder 
height (r2 = 0.57, p < 0.001, n = 22). None of the elephants reached and removed the 
oranges from 5.50 m - 6 m, but some individuals did try to pull the feeding apparatus 
down when there were no more food items remaining on the lower heights.  
 
There was a significant difference in the ranked order in which the foraging heights (0 – 3 
m) were selected for each of the three groups (Group I: FF = 77.9, P < 0.001, df = 12; 
Group II: FF = 35.2, P < 0.001, df = 12; Group III: FF = 2.5, P < 0.05, df = 12), indicating 
that some heights were preferred or more frequently chosen first.    
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Figure 2.1  Relationship between the preferred feeding height and shoulder height of the  
elephants used in the feeding trials (p = 0.069, n = 22).  
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Figure 2.2   Mean rank order of food items selected by elephants in the feeding trials. 
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Figure 2.3   The relationship between shoulder height and maximum feeding height for  
elephants used in the feeding trials (p < 0.001, n = 22). 
 
 
Although shoulder height played an important role in the maximum foraging heights that 
elephants could reach, it did not influence the order in which different heights were 
selected.  Fig. 2.2 illustrates that selection took place from the bottom upwards and that 
feeding height preference showed a sharp decline beyond 2.75 m.  
 
Tukey’s post hoc test (Table 2.2) did not indicate any significant difference in ranks 
amongst the lower and intermediate heights (from 0 m to at least 2 m for all three 
groups).  It did show a significant difference (p < 0.05) between 0 m and 2.75 m upwards 
for Group I, 0 m and 2 m upwards for Group II and between 0 and 0.25 m and 2.25 m 
upwards for Group III.  All the groups preferred food items at heights lower than 2 m. 
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 Table 2.2    Mean Ranks of heights showing the order in which each of the groups of       
elephants removed food items. Different letters denote significant differences between 
the ranks for each height (Tukey post hoc test). 
                    
Height (m) Group I Group II Group III
n=3 n=6 n=11
0.00 24.67a 25.00a 22.18ac
0.25 23.67ab 21.83ac 22.27a
0.50 23.34ab 21.33ad 16.00ade
0.75 22.00ab 23.00ac 19.36ad
1.00 21.34ab 21.50ac 18.18ade
1.25 20.00ab 20.50ae 16.55ade
1.50 19.00ab 19.83ae 15.55ade
1.75 18.00ab 18.33ae 17.18ade
2.00 17.00ab 17.00bcde 16.91ade
2.25 15.67ab 16.33bcde 13.91bd
2.50 15.34ab 15.00bcde 17.64abd
2.75 9.34b 14.00bde 17.09bcd
3.00 4.34b 11.50be 11.45be
 
 
 
2.4 DISCUSSION 
2.4.1 Elephant Feeding Heights 
It is known that elephants are able to feed over a large range of heights, from ground 
level (Paley 1997, Guy 1976), up to 6 m and even up to 8 m in extreme cases (Croze 
1974).  Elephants have also been recorded to stand on their hind legs in order to reach 
elevated food items (Croze 1974). None of the elephants included in the trials assumed a 
bipedal feeding stance, although some of them have been observed doing this to reach 
browse (A. Wypond pers. comm.). 
 
This study indicates that elephants prefer to feed at the lower levels of 0 or 0.25 m in 
situations where forage availability and quality are not limiting.  The preferred feeding 
height of 0.25 m contrasts with mean feeding heights recorded for free-ranging elephant 
in other studies (Guy 1976, Paley 1997, Frost 2001, Stokke & Du Toit 2000). It appears 
that free ranging elephants forage at levels lower than 0.50 m (coinciding with the 
preferred feeding heights) when feeding on grass and that browsing takes place at levels 
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 higher than 1 m.  Thus Paley (1997) recorded a high frequency of elephant feeding from 
grass below 0.50 m and found that elephants foraged higher than 1.5 m from woody and 
succulent shrubs. Frost (2001) found that the mean break-height from woody browse was 
above 1.5 m, and Guy (1976) found that the largest number of mouthfuls taken by 
elephant was around 1.2 m and that foraging at the lowest level was only on grass and not 
browse.  
 
The significant difference in selection of foraging heights at ground level and above 2 m 
agrees with the results of Paley (1997) who found a very low frequency of foraging 
above 2 m.  
 
The preferred foraging height found in this study does not correspond to the mean 
foraging heights of free-ranging elephant on browse. This raises two questions: Why do 
free-ranging elephants not browse at their preferred foraging height? It must be kept in 
mind that the preferred feeding height was measured while factors such as availability 
and quality were controlled for.  Under free ranging conditions extrinsic factors (i.e. plant 
features) may play a greater role in determining where elephants will forage.  The 
availability of browse will not only vary across landscapes, but also vertically 
(Woolnough & Du Toit 2001). This will depend to a large degree on the vegetation 
structure and will also determine which herbivore species would be able to utilize it 
(Makhabu et al. 2006). Some growth forms such as trees and shrubs will have a higher 
concentration of foliage at some heights and very low concentrations, low quality or no 
foliage at other levels. Intra- and inter-specific competition could therefore lead to 
resources becoming depleted at some levels in the vegetation, or for larger browsers, that 
more quality and quantity foliage is available at levels where other browsers can not 
reach (Du Toit 1988). Nutritional requirements will also influence feeding height, for 
example the need for elephants to consume high quantities of generally low quality 
forage would necessitate feeding at levels where foliage is abundant (see Du Toit 1990) 
or where a large amount of biomass can be removed with one pluck.  
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 The second question is why do elephants prefer to feed at ground level? This preferred 
feeding height may reflect the evolutionary background of the proboscideans as grazers 
(Cerling 1999). From this perspective the trunk of the proboscideans should be seen as an 
adaptation for a large-bodied grazer to reach grass which is generally low growing.  
 
2.4.2 Elephant feeding height and resource partitioning 
The height at which free ranging elephants browse is not only influenced by factors such 
as availability, plant secondary compounds, plant structure and intra-specific competition 
(Woolnough & Du Toit 2001, Du Toit 1990), but may be influenced by competition with 
smaller herbivores. Competition may be alleviated by resource partitioning through 
feeding height stratification (Lamprey 1963, Hirst 1975). Wilson (2001) found a 
significant relationship between preferred feeding height and shoulder height for five 
browsers indigenous to the thicket biome, the blue duiker (Philantomba monticola), the 
common duiker (Sylvicapra grimmia), the bushbuck (Tragelaphus scriptus), the kudu 
(Tragelaphus strepsiceros) and the black rhino (Diceros bicornis). Browsers of different 
sizes preferring to feed at heights that relate to shoulder height, fit into a grading of body 
sizes (Owen-Smith 1985) and achieve foraging heights which can lead to a vertical 
partitioning of resources. There is however, no significant relationship between preferred 
foraging height and the shoulder height of elephants. They would therefore not fit into the 
resource partitioning models mentioned above. Elephants’ preferred foraging heights 
rather overlap with those of some of the smaller browsers (blue duiker, common duiker 
and bushbuck (Wilson 2001) (Fig.2.4). If all these animals feed at their preferred foraging 
height, elephants will potentially compete with these browsers.  
 
Du Toit (1990) addressed the hypothesis of resource partitioning by feeding height 
segregation amongst members of the savanna browsing community, the steenbok 
(Raphicerus campestris), the impala (Aepyceros melampus), the kudu and the giraffe 
(Giraffa camelopardalis). He concluded that although there was feeding height 
stratification amongst the browsers and especially between giraffe and the smaller 
browsers, the overlap in foraging heights was more important for interspecific 
competition than stratification of feeding heights. Wilson (2001) reached the same 
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 conclusion for indigenous thicket browsers. According to Du Toit (1990) it is only the 
larger browsers that really separate from smaller species by feeding at different heights.  
 
 
0
50
100
150
200
250
300
350
400
Bd Cd Bb Kd Br El
Thicket browsers
Fe
ed
in
g 
he
ig
ht
 (m
)
Preferred
Maximum
 
 
Figure 2.4  The experimentally determined mean preferred and maximum feeding 
heights for indigenous thicket browsers (Bd (blue duiker) , Cd (Common duiker), Bb 
(bushbuck), Kd (kudu) and Br (black rhinoceros) from Wilson (2001),  El (elephant) 
from this study).  
 
It has also been proposed that the selective foraging of smaller browsers reduce the 
quality and quantity of forage at lower levels and drives the browsing succession from the 
bottom upwards. Larger browsers then gain a nutritional advantage by foraging at higher 
levels (Woolnough & Du Toit 2001). 
 
The foraging height of elephants on browse in the thicket (Paley 1997) is higher than 
those for other indigenous browsers (Wilson 2001). Elephants might gain the same 
advantage by browsing higher than the other species, especially if the relationship 
between maximum feeding height and shoulder height of elephants is considered. The 
larger body size enables elephants to reach greater heights (Fig. 2.3). Elephants have the 
further advantage of a prehensile trunk, with which they can reach much higher than 
other herbivores as predicted by shoulder height (Fig 2.4). This increases the browse 
vertically available to elephants. If the relationship between shoulder height and 
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 maximum feeding height (Fig 2.3) is extrapolated to the highest elephant shoulder height 
recorded3, 3.96 m, this elephant could have reached up to 6.73 m (Maximum Feeding 
height = 1.81 Shoulder Height – 0.43), without assuming a bipedal stance.  When 
considering the maximum feeding heights that elephants could attain, it would lead one to 
expect that elephant, when feeding at their maximum feeding heights, would fit well into 
a community of co-existing herbivores where differences in feeding heights maintain 
resource partitioning.  
 
Feeding height should also be considered in relation to vegetation height. Paley (1997) 
and Frost (2001) found significant positive relationships between plant height and 
elephant feeding height. In vegetation types such as thicket, where maximum vegetation 
height is relatively low (2 – 4 m) (Cowling 1984, Everard 1987), larger browsers such as 
elephants will be restricted to feeding at relatively lower mean and maximum feeding 
heights (see Paley 1997).  In instances where large browsers such as elephants can not 
feed much higher than the medium sized browsers, it may lead to increased competition 
for the same vegetation resources. 
 
2.4.3 Feeding height and plant regeneration 
Elephants play an important role in the function and patterns of, and the biodiversity in 
Eastern Cape thicket vegetation (Stuart-Hill 1992, Kerley & Landman 2006).  Stuart-Hill 
(1992) hypothesised that the top-down browsing of elephants allows the coppicing of 
plants and vegetative reproduction. The succulent P. afra, one of the dominant plants in 
the Eastern Cape Thicket (Archibald 1955, Vlok et al. 2003) as well as one of the 
dominant food items in elephant diet (Paley 1997), reproduces vegetatively and the side 
branches form a “skirt” around the plant. Stuart-Hill (1992) suggested that top-down 
browsing leaves the “skirt” intact although it reduces plant height. He provided no 
elephant feeding height data.  Elephants however, feed over the entire height range of the 
plants, which is not considered as top-down browsing by Paley (1997).  If elephants 
concentrate browsing at the levels where the highest frequency of foraging were recorded 
by him (≥ 1.5 m) and at 1.5 m for P. afra in particular, this kind of browsing may still 
                                                 
3 Guiness Book of World Records, www.Guinessworldrecords.com 
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 leave the “skirts” intact. The current study however shows that elephant prefer to forage 
at lower levels and show a trend for bottom-up foraging.  The mechanism driving this 
difference between preferred and realized feeding heights needs to be elucidated. It 
would be important to measure forage quality and abundance at the various heights. 
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 CHAPTER 3 
ELEPHANT FEEDING BEHAVIOUR: SEX AND SIZE EFFECTS 
 
 
3.1 INTRODUCTION 
As the largest terrestrial herbivores, elephants can be expected to have major impacts on 
vegetation. This will be an expression of both their morphological adaptation to feeding, 
as well as their feeding behaviour (Owen-Smith 1992). Understanding feeding behaviour 
and the specific forage offtake is important to both assessing and predicting feeding 
impacts.  
 
Megaherbivores impact on systems in various ways, such as changing woodlands to 
grasslands (Laws 1970, Owen-Smith 1992), changes to vegetation height and structure 
(Mueller-Dombois 1972, Jacobs & Biggs 2002, Makhabu et al. 2006), changing the 
species composition (Jachmann & Bell 1985), species extinction (Kerley & Landman 
2006) and the increase of certain species (Jachmann & Croes 1991, Conybear 2004). In 
the Subtropical Thicket of the Eastern Cape where the megaherbivores, elephants and 
rhinos, make up the largest component of vertebrate biomass and are one of the main 
sources of defoliation (Stuart-Hill 1992, Kerley et al. 1995), elephant feeding has caused 
a reduction in vegetation height (Barrat & Hall-Martin 1991), plant species composition 
and the local extinction of some rare and vulnerable species (Penzhorn et al. 1974, Hall-
Martin & Barratt 1991, Moolman & Cowling 1994, Johnson et al. 1999, Kerley & 
Landman 2006). Changes in vegetation have implications for the habitat and foraging 
opportunities of other animal species and a reduction in species such as the bushbuck 
(Tragelaphus scriptus) and the Cape grysbok (Raphicerus melanotis) have been reported 
(Kerley & Landman 2006). Elephant feeding impacts are therefore important and need to 
be understood in order to predict and potentially manage change to ecosystems. 
 
Feeding behaviour is a function of body size and for a large herbivore such as the 
elephant, foraging will be driven by the need to consume large quantities of mostly low 
quality diets (Hanley 1982, Demment & Van Soest 1985, Owen-Smith 1992). A large 
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 body size also affords advantages in being able to effectively utilize a larger range of 
available resources in terms of feeding height and larger plucks sizes. Elephants exhibit a 
range of body sizes from post-weaning juveniles (c. 1.5 m – McElveen 2004) to an adult 
bull (c. 3 m – this study), exhibiting varied feeding behaviour (Stokke & Du Toit 2000) 
that may have important implications for forage offtake and impacts. 
 
In animals exhibiting pronounced sexual dimorphism, feeding behaviour and impact is as 
much a function of body size (Stokke 1999, Stokke & Du Toit 2000) as it is of sex 
(Pérez-Barberia & Gordon 1999, Shannon 2005). Male elephants are on average 1.3 
times larger than females (Lee & Moss 1995). Males will exhibit feeding behaviour 
suited for the maintenance of a relatively larger body size, but also exploiting the 
advantages that a larger body size affords (Owen-Smith 1992, Stokke & Du Toit 2000). 
Females are governed by the nutritional demands of a smaller body as well as the added 
demands of pregnancy, lactation and the rearing of young (Pérez-Barberia & Gordon 
1999).  Added to the influence of body size and physiological status, social structure 
(cows living in groups versus a more solitary existence of bulls) will have limitations and 
advantages for foraging elephants (Dublin 1996, Wittemeyr et al. 2005).  
 
The interaction between plants and herbivores has shaped both the vegetation and 
herbivore communities (of thicket) over evolutionary time (Kerley et al. 1995) as 
herbivores will respond to the variation in plant morphology, energy content, 
digestibility, specific nutrients, toxins and digestive inhibitors (Hanley 1982).  Therefore 
feeding behaviour and impacts of elephants can not only be considered in terms of the 
morphological characteristics of the elephants, but will also be a consequence of 
structural differences between growth forms.     
 
3.1.1 Hypothesis  
Based on the above, it is hypothesised that elephants’ feeding behaviour will vary as a 
function of size and sex and will furthermore be influenced by plant species’ specific 
features such as growth form.  
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 This hypothesis is addressed through answering the following key questions: 
1) Do elephant bulls forage higher than cows and larger elephants higher than 
smaller elephants? 
2) Do elephant bulls remove more biomass than cows and larger elephants more 
biomass than smaller elephants? 
3) Do elephant bulls achieve lower foraging rates than cows and larger elephants 
lower foraging rates than smaller elephants? 
4) Do elephant bulls achieve higher intake rates than cows and larger elephants 
higher intake rates than smaller elephants? 
5) Do elephants achieve different foraging rates on different growth forms?  
6) Do elephant bulls waste a larger proportion of plant material during removal than 
cows?  
 
3.2 MATERIALS AND METHODS 
3.2.1 Study Area and Animals 
3.2.1.1 Location and history of the park and its elephant population 
The Addo Elephant National Park (AENP) (33˚30’S, 25˚45’E) is situated c. 60 km 
northeast of Port Elizabeth in the Eastern Cape Province, South Africa (Fig 3.1). The 
park was proclaimed in 1931 to protect the remaining 11 elephants (Whitehouse & Hall-
Martin 2000) following attempts to eradicate elephants from the area (Penzhorn et al. 
1974).  The park has undergone several expansions (Whitehouse & Kerley 2002), from 
the time that it was fenced in 1954, with a concomitant change in elephant density 
(Kerley & Landman 2006).  
 
At the time of this study, the terrestrial section of the AENP spanned > 1 600 km2. The 
elephants were restricted to the main elephant camp (120 km2) and the Nyati concession 
area (140 km2) with densities of 3.3 elephants.km-2 and 0.5 elephants.km-2 respectively. 
These densities exceeded the recommended carrying capacity of 0.4 elephants.km-2 
(Penzhorn et al. 1974) and 0.25 – 0.54 elephants.km2 (Boshoff et al. 2002) for succulent 
thicket. The main elephant camp and Nyati concession area are fenced off separately and 
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 no movement can take place between the two groups of elephants. Sampling took place 
in both areas.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sundays River
Nelson Mandela 
Metropole
Grahamstown
Darlington dam
Indian Ocean
Kirkwood
Main Elephant Camp           
 
Fig 3.1 Map showing the location of the Addo Elephant National Park as well as the 
study areas within the park. 
 
3.2.1.2  Climate and geology 
In this semi-arid region, rainfall varies between 260 mm and 530 per annum with peaks 
in autumn (March – April) and spring (October – November). Mean maximum 
temperatures range from c. 22 ˚C in the winter to c. 30 ˚C in summer, with temperatures 
exceeding 40 ˚C frequently recorded (Stuart-Hill 1992). The topography of the study area 
consists of a series of undulating hills (60 – 350 m.a.s.l). The soils are mostly light-red 
clay loams (Archibald 1955) derived from sandstone and Cretaceous mudstone (Toerien 
1972). 
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 3.2.1.3  Vegetation type and dynamics
The AENP is situated in the Albany Centre of the Subtropical Thicket biome with 
Sundays Spekboom Thicket covering the largest part of the park (Vlok et al. 2003). This 
vegetation type is characterised by dense, low growing (2 – 4 m), spinescent and 
evergreen thicket (Archibald 1955, Cowling 1984, Everard 1987, Vlok et al. 2003) 
dominated by the large succulent, Portulucaria afra (Archibald 1995, Vlok et al. 2003). 
It features a diversity of growth forms including woody shrubs, succulents, woody lianas, 
herbs, geophytes and grasses with succulents dominating the rich and diverse endemic 
plant species (Johnson et al. 1999, Vlok et al. 2003).  It contains a great number of 
endangered, rare and vulnerable species (Johnson et al. 1999). The vegetation is not 
uniform across the park due to differences in historical land use practices and large areas 
are covered by grass. 
 
As fire plays a minor role in Eastern Cape Subtropical Thicket (Vlok et al. 2003), 
herbivores are the major source of defoliation.  It has been hypothesized that co-evolution 
between the herbivores and plant communities has led to the multistemmed, spinescent, 
nutritious and evergreen nature of Subtropical Thicket (Kerley et al. 1995), the vegetative 
reproductive strategy of some of the plants (Stuart-Hill 1992) and the resilience to the 
impact of indigenous herbivores (Vlok et al. 2003). The megaherbivores, elephants and 
rhinos, make up the largest component of the vertebrate biomass and are therefore the 
main sources of defoliation (Stuart-Hill 1992, Kerley et al. 1995). Elephants have a 
significant influence on the evolution and composition of Subtropical Thicket vegetation 
(Stuart-Hill 1992, Cowling & Kerley 2002).  
 
Although stable (Cowling 1984, Hall-Martin & Barratt 1991), relatively pristine thicket is 
not resilient (Cowling 1984). After being severely degraded, it does not recover but is 
replaced by an unstable community (Lechmere-Oertel et al. 2005) that is prone to soil-
degradation, with a consequent reduction in carrying capacity (Stuart-Hill & Aucamp 
1993). Undegraded Subtropical Thicket is relatively drought resistant and maintains its 
forage production (Hall-Martin & Barratt 1991, Stuart-Hill & Aucamp 1993) with a 
relatively consistent forage flow between seasons (Stuart-Hill 1992).  
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 3.2.2 Data Collection 
3.2.2.1 Location of study animals 
Sampling took place along the roads of the AENP which were surveyed every morning 
until the first browsing elephant(s) were located. Information on the location of elephants 
and lions were also obtained beforehand from other researchers working within the park. 
The presence of large predators in the park limited sampling to a distance of 5 m on 
either side of the road for safety reasons. 
 
Focal sampling (Altman 1974) was used to quantify feeding behaviour and the focal 
individual was chosen to meet the following criteria. The focal individual had to be in 
close proximity to the road and clearly visible to be able to observe foraging.  Sampling 
started as soon as an individual elephant was identified and this animal foraged on one of 
the previously identified plant species (see later, 3.2.2.3). The sampling ended as soon as 
the individual stopped foraging on the plant or moved off.  If possible and when more 
than one individual was visible or when the same individual moved to the next plant, data 
were collected for more than one individual or plant feeding event, respectively, per 
encounter. Data collection at a site was terminated as soon as data already gathered 
would be comprised by further data collection. Sampling too many focal individuals per 
encounter could eventually lead to losing the feeding location or confusion in locating the 
pluck (see definition 3.2.2.2) of the focal animals or the discard left after browsing. 
 
3.2.2.2 Definition of terms: pluck and bite 
The term “bite” is defined as “the act of manipulating and severing a stem with the 
incisors or molars” (Shipley & Spalinger 1995) and refers to the removal of plant 
material by a browser.  In this study the term “pluck” was defined as the harvesting of 
plant material with the trunk and passing it to the mouth. The timing of the event was 
from the moment an elephant first removed plant material with the trunk until the next 
removal of plant material with the trunk on the same plant (thus this does not include 
search time or walking time between plants). The term “pluck” was used instead of the 
usual term “bite”, since an elephant generally does not remove plant material by biting 
but removes it with the trunk and as such it is possible to remove more plant material per 
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 pluck than can be put into the mouth and chewed.  A “bite”, in turn, was defined as the 
process whereby an elephant cropped with its mouth from the plant material already 
harvested during the plucking event.  Multiple bites per pluck would also be possible and 
were recorded. Infrequently, elephants were seen to remove plant material by directly 
biting from the plant without prior plucking with the trunk. These events are referred to 
as “direct bites”.  “Strips” were recorded as the removal of the leaves from the stem by 
means of the trunk and must be distinguished from bark stripping where bark is peeled 
from the plant with the aid of the tusks and trunk (Buss 1961, Buechner & Dawkins 1961, 
Coetzee et al. 1979, Jacobs & Biggs 2002).  
 
3.2.2.3 Plant species  
Elephant feeding observations focused on the woody and tall succulent component of the 
vegetation in the AENP and only on selected plant species which were known to be 
present in the diet of elephants in relatively large proportions (Appendix 1).  These plants 
were considered to be Principal Dietary Items after faecal analysis indicated these species 
to constitute more than 2 % of the diet of the elephants in the AENP (Landman et al. (in 
prep), Davis 2004). The species Euclea undulata was also included, although not 
considered to be a Principal Dietary Item in the previous studies; Paley & Kerley (1998) 
found that elephants in the AENP utilized it in large proportions and that it had a 
relatively high availability (5.6 %) in the AENP  (Landman et al. (in prep)). It could 
therefore be expected that these plants would be most frequently utilized, and as such, 
most affected by elephant foraging.  In light of the longer growth cycles and longer 
replacement times, the woody component of the vegetation will also show greater and 
longer lasting impact than grasses or herbs (Laws 1970).  
 
3.2.2.4 Shoulder height determination  
Shoulder height was used as an indication of elephant size and used for the comparisons 
of feeding behaviour between different sized elephants. The shoulder height was defined 
as the straight line distance between the sole of the foot (ground level) and the dorsal 
edge of the scapula (Laws 1966). The photogrammetric method developed by Douglas-
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 Hamilton (1972) to measure shoulder height and also used by Jachmann (1980), Western 
et al. (1983) and others was adapted for use with a digital camera.  
 
The focal elephant was digitally photographed from the vehicle with the shoulder clearly 
visible. After all the elephants had vacated the area, another photograph was taken of a 
measuring staff (6 m) in exactly the same place where the elephant had stood with its 
front leg. The digital images were downloaded and the Adobe Photoshop Version 7.0 
(Adobe Systems Inc., USA 1990-2002) program was used to firstly reduce the opacity of 
the image of the measuring pole to make it more transparent. This image was then 
overlaid on the image of the elephant and placed so that the measuring staff was 
accurately positioned over the front leg of the elephant. In this way the shoulder height of 
the elephant could be read off the measuring staff. 
 
The accurate overlay of the two images was only possible if the distance from the camera 
to the elephant and measuring pole was the same (Croze 1972, Jachmann 1980) and if the 
focal length was kept constant (Douglas-Hamilton 1972). This was done by taking both 
photographs from the same position and angle within the vehicle parked in exactly the 
same location. The focal length of the two images was kept constant and all individuals at 
that specific sampling site (encounter) were photographed using the same focal length. 
 
Errors in the determination of shoulder heights resulting from the use of this method have 
been reported (Douglas–Hamilton1972, Jachman 1980). Inaccurate shoulder heights 
would be measured when the measuring pole could not be placed at the exact position of 
the elephant because the foot of the elephant was not visible or position or footprint could 
not be found after the elephant had vacated the area (Douglas–Hamilton1972, Jachman 
1980).  The digital image taken of the elephant however assisted in the more accurate 
placement of the measuring staff (Western et al. 1983), even if the foot of the elephant 
was not visible. In instances where the foot of the elephant was visible, an additional 
digital image of the foot was taken and accurate placement of the measuring staff was 
possible. These errors were therefore considered to have been minimalised.  Douglas-
Hamilton (1972) reported a 2 % error in accuracy if the measuring staff was displaced  
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 1 m towards or away from the camera and considered it a small enough error. In this 
study the error in positioning the staff was considered to be considerably less than 1 m. 
 
Many non-invasive techniques have been developed to measure the size of elephants in 
the field (Croze 1972, Douglas-Hamilton 1972, Jachmann 1980, Western et al. 1983, 
McElveen 2004, Shrader et al. 2006). The technique used was modified to be able to 
determine the shoulder height of an individual elephant under conditions suited for the 
collection of specified feeding data for that individual. The sampling method lead thereto 
that firstly, the location of elephants and thus foraging events could not be determined 
beforehand because data were collected when and where elephants were encountered. 
Secondly, a time constraint existed in measuring the shoulder height as the first image 
and foraging data that related to that image, had to be taken of the focal elephant before 
the individual elephant could move out of sight. For the use of this approach, it was 
necessary to physically visit the feeding site to collect foraging data (see below), enabling 
the placing and photography of the staff. The second image therefore had to be taken as 
quickly as possible in the limited time that could be spent safely outside the vehicle.   
Thirdly, although the foraging event had to be clearly visible, parts of the body of the 
elephant were often obscured by the vegetation or by other elephants.  
 
3.2.2.5 Feeding event data collection 
As soon as a focal elephant, that could clearly be seen foraging on the identified plant 
species, was located, foraging-event-data collection commenced.  The date, the time, the 
GPS location, the sex of the elephant and the plant species it was feeding, on were 
recorded. 
 
The digital image taken at the beginning of the feeding event was not only used for 
photogrammetry, but it was also used to calculate pluck duration and served to locate the 
exact position of the feeding event for later data collection.  The duration of a pluck was 
recorded in seconds and determined by subtracting the time of the first digital image 
recorded by the camera for shoulder height determination, from that of a second digital 
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 image taken at the end of the pluck event.  The pluck duration was used to determine the 
foraging rate in bites/min and the instantaneous intake rate in g/min.  
 
Once the elephants had vacated the area, data collection outside the vehicle could be 
carried out.  Markers on the interior of the vehicle together with the photographs were 
used to locate the exact position of the feeding event(s).  After the digital image of the 
measuring staff was taken, the maximum plant height, height of minimum foliage 
available on the plant that was browsed, and feeding height were measured. The pluck 
diameter was measured as the diameter where the branch was broken off, using calipers 
and recorded to the nearest 0.1 mm. Any discarded material that was known to have 
resulted from the specific pluck was collected and weighed.  A branch of the same 
diameter and plant species was collected when possible, for mass-diameter regressions 
and weighed (to 0.1 g) within three hours, to obtain the wet mass for a given diameter. It 
was assumed that moisture loss was minimal for this period. For each plant species, 
additional branches within the range of diameters recorded as fed upon, were also 
collected and weighed to supplement samples used for mass-diameter regressions. 
Regression models were developed to predict the biomass removed by elephants during 
pluck of a certain diameter.  Samples were oven dried at 65˚C until a constant weight was 
obtained (Baker & Cade 1995) and weighed to the nearest 0.1 g, as the dry mass. 
Regression for the wet and dry mass could therefore be calculated (Appendix 2 and 3). 
 
3.2.2.6 Foraging rate data collection 
The time spent waiting for elephants to vacate the sampling site so that sampling outside 
the vehicle could commence allowed for the sampling of additional elephant foraging rate 
data. The focal animal was identified as any elephant for which the feeding behaviour 
was clearly visible, feeding on any plant species. The date, the time, the GPS location, the 
sex of elephant, and the plant species it was feeding on were recorded, as well as the 
growth form of the plant species.  In cases where the plant species were not known, only 
the growth form was recorded (i.e. forb, creeper, spinescent woody shrub or non-
spinescent woody shrub and succulent shrub).  The pluck duration as defined previously 
was recorded with a stopwatch for all the consecutive plucks on a specific plant and used 
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 to calculate the foraging rate (bites/min). Each of the consecutive plucks by an individual 
on the same plant was treated as an independent sample, this being appropriate for the 
measurement of foraging rates. The number of bites per pluck was also recorded.   
 
3.2.3 Data analysis 
3.2.3.1 Diameter-mass regressions
At least 20 branches within the range of diameters recorded to have been fed upon by 
elephants from each plant species, was used for diameter – mass regressions. Scatterplots 
of the relationship between branch diameter and wet mass, and branch diameter and dry 
mass were examined for each plant species. The programs Graphpad Prism ver 4.03 
(Graphpad Software, Inc.) and the Windows Excel add-in, Solver were employed to 
assess the best fit models (i.e. lowest Residual Sum of Squares) and to examine whether 
assumptions were met by examining the residual plots (Zar 1999, Quinn & Keough 
2002). The data for all plant species were log transformed and used with OLS linear 
regression models, y = a + bx + ε, (MacCracken & Van Ballenberghe 1993, Shipley et al 
1999, Quinn & Keough 2002, Seaton 2002) which had the best fit.  Y is the logarithm of 
dry/wet mass in grams, x is the logarithm of diameter in mm, ε is the random error, a 
represents the intercept and b represents the slope.  The intercept a, and slope b, could be 
used to predict a new value of wet or dry mass, given diameter xi. 
 
3.2.3.2 Biomass removed
The biomass removed by elephants per pluck diameter was estimated by using the 
diameter–dry mass regression models for the plant species.  A Two-Way ANOVA model 
with sex and growth form as factors was used to determine if there was a significant 
difference in dry mass removed per pluck, direct bite and strip, between males and 
females on the different growth forms.  It must be noted that biomass removed refers to 
the total biomass harvested (plucked) from the plant by elephants and not in all instances 
to the biomass ingested by the elephants. Plant species were grouped into the following 
growth forms: woody shrubs, spinescent shrubs and succulent shrubs. The spinescent 
shrubs and creepers were later combined, as the group “creepers” only contained a single 
spinescent plant species, and to increase the sample size.  
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 Biomass data for ANOVA and correlations were log10 transformed to meet the 
assumptions of normality and homogeneity of variances (Zar 1999). In cases where 
multiple stems were removed during a single pluck, the back-transformed dry mass 
values of all of the diameters were added up to obtain the total dry mass removed during 
that pluck (Owens 1991, Shipley et al. 1999).  
 
The relationship between elephant size and biomass removed was determined using 
Pearson correlations between shoulder height and log dry mass, for all the elephants and 
separately for the two sexes to elucidate further possible sex-specific feeding. Data points 
for which foraging rate could not be recorded were not included in the correlation 
between shoulder height and biomass removed as the product of biomass and foraging 
rate was used for instantaneous-intake-rate calculations. 
 
3.2.3.3 Discard
The dry mass of the plant material discarded during a foraging event was expressed as a 
percentage of the total dry mass removed during the feeding event.  The percentages were 
arcsine transformed (as confidence limits for the untransformed data had negative 
values). The t-test was employed to test whether there was any significant difference for 
males and females in the percentage of the biomass removed that was discarded.   
 
3.2.3.4 Pluck diameter
Pearson correlations were performed to test the relationship between shoulder height and 
log pluck diameter for all elephants and for male and female elephants, separately. Only 
the diameter of foraging events, where a single branch was removed during a pluck, was 
used to test for a difference in pluck diameter taken by male and female elephants. A 
Two-Way ANOVA with sex and growth form as factors was used. The assumptions of 
normality and homogeneity of variances was met after pluck diameters were log10 
transformed (Zar 1999). It was argued that direct bites and strips represent different 
means of removing plant material to that of plucks, and that a relationship between means 
of removal and the diameter could exist. Due to sample size limitations, a comparison 
was only made between the biomass removed per pluck and direct bite, from Schotia 
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 afra. Foraging events, where more than one branch or stem were removed during a pluck 
or bite, were not included, as taking more than one branch or stem would in most 
instances lead to the removal of a larger combined pluck diameter than single diameters.                                 
 
3.2.3.5 Foraging rate and Intake rate 
The relationships between shoulder height and both foraging rate and instantaneous 
intake rate were tested using Pearson correlations. Correlations were done for all 
elephants and for male and female elephants, separately.  The foraging rates (bites/min) 
of direct bites, plucks and strips were included for testing and therefore the term “bite” in 
this instance includes all three means of forage removal.   A Two-Way ANOVA was 
used to test for significant differences in foraging rates of male and female elephants on 
different growth forms.  The foraging rates recorded (section 3.2.2.6) on woody, 
spinescent and succulent shrubs were combined with the foraging rates recorded for focal 
observations of specific feeding events (section 3.2.2.5) and the data, were analysed 
together. Foraging rates recorded on the rest of the growth forms (grasses and forbs) were 
analysed separately. The relationship between foraging rate and pluck size (biomass 
removed per harvest event (g)) was tested using a Pearson correlation, data was log10 
transformed. 
 
The instantaneous intake rate (g/min) was calculated as the product of foraging rate 
(bites/min) and the mass of plant material (g) consumed during a feeding event (Renecker 
& Hudson 1986, Wilson 2001).  The “biomass removed” data included all the biomass 
harvested by an elephant, i.e. both consumed and discarded biomass. Due to the nature of 
foraging by elephants, the discard of each pluck, direct bite or strip could not always be 
accurately determined. Elephants would take more than one pluck from an individual 
plant and plucks following the recorded foraging event could not always be recorded.  It 
also happened that elephants would move off with a branch that was plucked and it was 
therefore difficult to attribute discarded material to any particular pluck. Therefore 
discard was not recorded for all the foraging events, and only included events that 
resulted in discard which could be measured accurately and events with no known 
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 discard were included in the intake rate analysis, both for the correlations and the 
Analysis of Variance models.  
 
Contrary to foraging rate, intake rate was a product of only the foraging rates recorded 
during a specific focal observation feeding event and the biomass consumed during that 
feeding event (3.2.2.5 Feeding event data collection).  A Two-Way ANOVA was used to 
test for differences in instantaneous intake rate between sexes on the growth forms: 
succulent shrubs, spinescent shrubs and woody shrubs.  Log10 transformations of both 
foraging rate and intake rate data allowed the data to conform to assumptions of Analysis 
of Variance models and correlations.  
 
3.2.3.6 Feeding height
The relationship between feeding height and the size of all the elephants, and the male 
and female elephants separately, was tested with Pearson correlations between shoulder 
and foraging height. The effect of sex on the feeding height of elephants was tested using 
an ANOVA. Further analyses tested whether elephants had feeding heights that were 
related to the height of the plant, by means of correlations between maximum plant 
height and feeding height, as well as minimum available foliage and feeding height (Frost 
2001). Thereafter the difference in maximum plant height and feeding height as well as 
height of minimum available foliage and feeding height was tested using paired t-tests 
(Zar 1999). The maximum plant height of the plants on which male and female elephant 
foraged were also compared using t-tests.  
 
All ANOVA testing was done using the statistical package STATISTICA ver 7 (Statsoft 
1984 – 2004) and correlations and t-tests where done using SIGMASTAT ver 2.0 (SPSS 
Inc. 1992 – 1997) and STATISTICA.  For all tests significance was assessed at the 95 % 
probability level.  In all instances where the logarithmic transformations of data were 
required, the data were back transformed to report results in the original units. 
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 3.3 RESULTS 
A total of 110 foraging event samples were collected from elephants within the AENP, 
equal sample sizes (n=55) were collected from both male and female elephants between 
April and September, 2005. An additional 152 foraging samples were collected and used 
to calculate foraging rate; 106 samples were collected from males, and 46 samples from 
female elephants. Foraging data were generally more easily collected from bulls as they 
were more often solitary (Laws 1970), and generally remained at the same foraging site 
for longer periods of time (Stokke & Du Toit 2000).  
 
Seven of the ten selected plant species (Appendix 1) were represented in the foraging 
data collected.  These species were Azima tetracantha, Carissa haematocarpa,  
Euclea undulata, Gymnosporia polyancantha, Portulucaria afra, Rhus longispina and 
Schotia afra.  Only one sample was collected of a male elephant foraging on  
R. longispina and therefore it was excluded from all data analysis except for foraging 
height. Possible explanations for not encountering foraging events on the remaining three 
plant species include the fact that C. separia, was one of the PDI’s with the lowest 
percentage use (Landman et al. (in prep)) or that due to the low relative availability, these 
species (Putterlickia. pyracantha 0.37 ± 1.10 % and Grewia. robusta 0.01 ± 0.05 %) 
(Landman et al. (in prep)) are not encountered often. The seven species included here 
comprised on average 38 % of the diet of elephant in AENP (M. Landman pers. comm.4). 
 
3.3.1 Diameter-mass regressions 
The diameter wet-mass (Appendix 2) and diameter-dry mass (Appendix 3) regressions 
were only carried out for the seven represented plant species.  Appendix 3 also includes 
the relationship between diameter and dry mass removed during a strip for A. tetracantha 
and P. afra, as strips were only recorded on these two plant species. 
 
In all cases, linear regression analysis on log transformed data resulted in the minimum 
Residual Sum of Squares and had the best fit (Zar 1999, Quinn & Keough 2002, Shipley 
et al. 1999, McCracken & Van Ballenberghe 1993). There was variability in the mass of 
                                                 
4 M. Landman, Centre for African Conservation Ecology, NMMU 
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 branches of equal diameter of the same plant species, which led to variability in the 
diameter–mass regressions.  Variability occurs as a result of factors such as differences in 
browsing pressure (Peek et al. 1971) which could also lead to divarification (Mueller-
Dombois 1972), site specific differences in growth conditions, the location of branches 
on the plant, the size of the plant, competition (Lyon 1970, Peek et al. 1971, Baker & 
Cade 1995) or the age of the branch (MacCracken & Van Ballenberghe 1993).  Although 
the variability may preclude the equations being applicable to other areas except as a 
comparison, it is seen as a true representation of conditions in the AENP after random 
sampling. It has been argued that such variability might be of more academic than 
practical value for use of prediction of biomass (Lyon 1970).   
 
All the regressions showed a highly significant linear relationship between diameter and 
mass. For all the regressions except C. haematocarpa, more than 80 % of the variability 
in biomass was explained by the regression.  A limited range of diameters taken by 
elephants from C. haematocarpa was recorded, hence the narrow range of diameters for 
the regression between diameter and biomass for the species. The 95 % confidence bands 
indicate the accuracy of the regressions (Zar 1999) and predictions of y-values from the 
equations. Only the diameter-dry mass regressions were used in further data analysis. 
 
3.3.2 The effect of size on feeding behaviour 
The influence of elephant size on feeding behaviour was tested by performing 
correlations between the shoulder height of elephants and each of the variables also tested 
for sex specific foraging behaviour. The results of the correlations between shoulder 
height and the variables are given in Figures 3.2 to Fig 3.11 and are dealt with below. The 
shoulder heights of the elephants for which foraging behaviour was recorded ranged from 
1.42 - 2.70 m for females and from 1.35 – 3.05 m for males. The difference in the upper 
range of shoulder heights for male and female elephants can be attributed to sexual 
dimorphism exhibited by elephants.  
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 3.3.2.1 Biomass removed per harvest event 
Larger elephants removed more plant biomass during a foraging event than smaller 
individuals (rp = 0.24, p = 0.016, n = 99) when data for males and females were 
combined. The significant correlation also held for males (rp = 0.331, p = 0.021, n = 49) 
(Fig 3.2) but there was no significant correlation between size and biomass removed for 
female elephants (rp = 0.20, p = 0.160, n = 51) (Fig 3.3).   
 
3.3.2.2 Pluck diameter
The pluck diameters of single plucks taken by all elephants were not influenced by size 
(rp = 0.16; p = 0.195, n= 71). Size also did not have an influence on the pluck diameter of 
single plucks taken by either male (rp = 0.177, p = 0.342, n = 31) or female (rp = 0.139, p 
= 0.393, n = 40) elephants when the two groups were tested separately (Fig. 3.4 & Fig 
3.5).  As illustrated by Fig 3.4 and Fig 3.5, larger individuals had a wider range of pluck 
diameters and both the largest and the smallest diameters were harvested by the larger 
elephants (> 2 m for females, and > 2.5 m for males).  
 
3.3.2.3 Foraging rate
Elephant body size did not influence foraging rates achieved by either males (rp = -0.103, 
p = 0.318, n = 96) or females (rp = -0.191, p = 0.121, n = 67) (Fig. 3.6 & Fig. 3.7). The 
correlation between size and foraging rate for all elephants was however only marginally 
non-significant (rp = -0.145, p = 0.06, n = 163).   The lowest foraging rates were recorded 
for elephants larger than 2.5 m. 
 
3.3.2.4 Intake rate
Figures 3.8 and 3.9 indicate that there was no correlation between elephant size and the 
instantaneous intake rate for either males (rp = 0.36, p = 0.06, n = 28) or females  
(rp = 0.24, p = 0.13, n = 40). Once the data were combined, the shoulder height was 
significantly correlated with intake rate for all elephants (rp = 0.273, p = 0.024; n= 68). 
The highest intake rates were recorded for the larger elephants (> 2 m).   
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 3.3.2.5 Feeding height
The feeding heights of elephants did not vary with body size, with there being no 
correlation between the feeding heights and shoulder heights for either male (rp = 0.046, p 
= 0.739, n = 55) or female (rp = -0.00, p = 0.999, n = 53) elephants (Figs. 3.10 & 3.11) or 
for all elephants (rp = 0.04, p= 0.684, n = 108).   The highest and lowest feeding heights 
of elephants were recorded for the larger individuals (>2 m). 
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Figure 3.2   Relationship between the shoulder height of male elephants and log biomass 
removed per pluck, direct bite and strip (g) (rp = 0.331, p = 0.021, n = 49). 
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Figure 3.3  Scatterplot of the shoulder height and log biomass removed per 
pluck, direct bite and strip (g) of female elephants (rp = 0.20, p = 0.160, n = 51). 
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Fig. 3.4    Scatterplot of the shoulder heights and log pluck diameter (mm) of single  
plucks taken by male elephants (rp = 0.177, p = 0.342, n = 31). 
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Fig. 3.5    Scatterplot of the shoulder height and log pluck diameter (mm) of single plucks    
taken by female elephants (rp = 0.139, p = 0.393, n = 40). 
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Fig. 3.6  Scatterplot of the shoulder heights and log foraging rate (bites/min) of male 
elephants (rp = -0.103, p = 0.318, n = 96). 
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Fig. 3.7    Scatterplot of the shoulder heights and log foraging rate (bites/min) of female  
elephants (rp = -0.191, p = 0.121, n = 67). 
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Fig. 3.8     Scatterplots of the shoulder height and log intake rate (g/min) of male     
elephants (rp = 0.36, p = 0.06, n = 28). 
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Fig. 3.9    Scatterplot for the shoulder height and log intake rate (g/min) of female  
elephants (rp = 0.24, p = 0.13, n = 40). 
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Fig. 3.10    Scatterplot of  the shoulder height and feeding height (m) of male  
elephants (rp = 0.046, p = 0.739, n = 55). 
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Fig. 3.11    Scatterplot of the shoulder height and feeding height (m) of female  
elephants (rp = -0.00, p = 0.999, n = 53). 
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 3.3.3 The effect of sex on foraging behaviour 
3.3.3.1 Biomass removed per harvest event
The result of the ANOVA (Table 3.1) indicate that males did not remove a larger average 
biomass per harvest event than females, that there was no interaction between sex and 
growth form, but that there was a significant difference in biomass removed from the 
different growth forms when sexes were combined (averages presented in Table 3.2). A 
Tukey post hoc test for unequal sample sizes (Zar 1999) indicated that biomass removed 
from both spinescent shrubs and succulent shrubs differed significantly from biomass 
removed from woody shrubs (Table 3.3).  The largest mass was removed from woody 
shrubs, followed by spinescent shrubs and succulent shrubs. Table 3.2 gives the average 
biomass removed (per pluck, direct bite and strip) from each of the growth forms for 
males and females, as well as the range of biomass removed.  Males removed the most 
biomass during a foraging event from woody shrubs, followed by spinescent shrubs and 
succulent shrubs, which had the lowest average biomass values. Females also removed 
the most biomass from woody shrubs, but removed the lowest average biomass from 
spinescent shrubs.   
 
3.3.3.2 Discard
Only a small sample (n = 16) of foraging events with discarded material that could 
positively be attributed to the foraging event, were recorded. Male elephants did not 
discard a significantly larger (t = -0.29, p = 0.775) mean percentage of biomass during a 
foraging event than females (Table 3.2). Although the limited data suggest that on 
average, substantial quantities of plant material can be discarded during foraging; 
instances were observed (personal observation) and recorded where even larger amounts 
of harvested plant material were discarded. Elephants broke off large branches and 
consumed only a small percentage, or entire plants would be plucked out of the ground 
and only the roots would be consumed. Four cases were recorded where both male and 
female elephants consumed only the roots from an entire plant (P. afra) that was 
removed. It was not possible to determine the precise mass of the discard and especially 
not the mass of the roots that were consumed, except for one foraging event by a male 
elephant.  The wet mass of the plant that was discarded after the roots and a few branches 
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 were consumed was 16 423.7 g and dry mass was approximately 3 930 g. It seems that 
elephants can and do discard larger quantities of plant material than the percentages 
reported here for males and females. Male and female elephants were seen to pluck entire 
plants out of the ground and it is not known whether a larger sample size would show a 
significant difference in the discard between the sexes. 
 
 
Table 3.1  Results of Analysis of Variance for differences in sex specific foraging 
Response variable Source of variation df Mean F p
square
Feeding height Sex 1 0.055 0.184 0.668
Residual 106 0.295
Pluck diameter Sex 1 0.084 2.038 0.158
Growth form 2 1.026 24.864 0.000
Sex x Growth form 2 0.133 3.210 0.047
Residual 65 0.041
Biomass removed Sex 1 0.005 0.017 0.896
Growth form 2 1.427 4.452 0.014
Sex x Growth form 2 0.074 0.232 0.794
Residual 94 0.321
Foraging rate Sex 1 0.110 1.832 0.178
Growth form 2 0.262 4.370 0.014
Sex x Growth form 2 0.267 4.442 0.013
Residual 157 0.060
Intake rate Sex 1 0.068 0.152 0.698
Growth form 2 0.653 1.472 0.237
Sex x Growth form 2 0.037 0.082 0.921
Residual 62 0.444
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Table 3.2  Summary of the Mean ± SE and range of variable tested for sex specific 
elephant foraging. Sample sizes within growth forms provided in parentheses. See Table 
3.1 for ANOVA results. Different letters denote significant differences among means 
between sexes (Tukey post hoc test for unequal n). Results without letters were not tested 
for difference as a result of non significant results. 
 
Variable Groups n Mean ± SE Growth forms Mean ± SE Range (min-max)
Feeding height Male 55 1.2 ± 0.1 - - 0.2  - 2.7
(m) Female 53 1.2 ± 0.1 - - 0.2  - 2.2 
                                                                                                                                                                                                               
Pluck diameter*/** Male 31 12.5 ± 1.1 spinescent shrub (16) 6.3 ± 1.1 a 3.6 - 11.7
(mm) woody shrub (3) 22.6 ± 1.3 bc 9.4 - 48.7
succulent shrub (12) 13.7 ± 1.2bc 7.8 - 29.0
Female 40 10.3  ± 1.1 spinescent shrub (19) 6.8 ± 1.1 a 2.7 - 11.9 
woody shrub (11) 10.7 ± 1.2 ac 4.7 - 32.1
succulent shrub (10) 15.0 ± 1.2 bc 6.9 - 27.8
Total 71
Biomass removed** Male 49 19.8  ± 1.2 spinescent shrub (21) 16.5 ± 1.3 1.3 - 75.3
(g) woody shrub (11) 32.2 ± 1.5 5.7 - 638.6
succulent shrub (17) 14.6 ± 1.4 0.5 - 127.7
Female 51 20.5  ± 1.2  spinescent shrub (22) 13.7 ± 1.3 2.4 - 96.5
woody shrub (16) 41.2 ± 1.4 4.4 - 326.8
succulent shrub (13) 15.2. ± 1.5 0.5 - 143.1
Total 100
Foraging rate ** Male 96 5.3 ± 1.1 spinescent shrub (34) 4.6 ± 1.1a 1.0 - 15.4
(bites/min) succulent shrub (32) 6.3 ± 1.1ab 2.3 - 20.0
woody shrub (30) 5.3 ± 1.1ab 1.9 - 20.0
Female 67 6.1 ± 1.1 spinescent shrub (30) 7.1 ± 1.1b 2.7 - 30.0
succulent shrub (17) 7.2 ± 1.2ab 2.9 - 26.8
woody shrub (20) 4.3 ± 1.1ab 1.2 - 15.0
Total 163
Intake rate ** Male 28 93.8 ± 1.4 spinescent shrub (12) 77.6 ± 1.6 15.6 - 643.4
(g/min) succulent shrub (12) 73.9 ± 1.6 0.5 - 660.6
woody shrub (4) 144.1 ± 2.2 43.6 - 402.7
Female 40 110.2 ± 1.3 spinescent shrub (16) 80.0 ± 1.5 7.6 - 513.2
succulent shrub (12) 75.7 ± 1.6 2.8 - 1914.9
woody shrub (12) 220.8 ± 1.6 30.3 - 2911.4
Total 68
Discard (%)** Male 6 25.2± 16.9 0.3 % - 77.6 % 
Female 10 20.6 ± 9.7 0.6 % - 76.7 %
Total 16 .
 
*Does not include plucks of multiple stems, bite diameters or strips 
**Backtransformed values 
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 Table 3.3 Summary (Mean values ± SE) of Growth form and range of variables tested for 
sex specific elephant foraging. See Table 3.1 for ANOVA results.  Different letters 
denote significant differences among means (Tukey post hoc test for unequal n). Results 
without letters were not tested for difference as a result of non-significant results. 
 
Variable Growth forms n Mean ± SE Range (min-max)
Pluck diameter (mm) spinescent shrub 35 6.5 ±  1.1a 2.7 - 11.9
woody shrub 14 15.6 ±  1.2b 4.7 - 48.7 
succulent shrub 22 14.3 ±  1.1b 6.9 - 29.0
Biomass removed per harvest (g) spinescent shrub 43 15 ± 1.2a 1.3 - 96.5
woody shrub 27 36.4 ± 1.3b 4.4 - 638.6
succulent shrub 30 14.9 ± 1.3a 0.5 - 143.1 
Intake rate (g/min) spinescent shrub 28 78.8 ± 1.3 16.1 - 3345.1
woody shrub 16 178.4 ± 1.6 1.5 - 4789.4
succulent shrub 24 74.8 ± 1.4 7.6 - 1157.0
 
 
3.3.3.3 Pluck diameter
Male elephants did not remove significantly larger average pluck diameters than females 
(Table 3.1). The various growth forms had an effect on the pluck diameters of elephants 
when male and female data were combined, and had different effects on the pluck 
diameters for male and female elephants (Table 3.2). The largest average pluck diameters 
by all elephants were recorded on woody shrubs followed by succulent shrubs, and the  
diameters from both of these growth forms were significantly larger than plucks from 
spinescent shrubs (Table 3.3). 
 
The largest pluck and widest range of pluck diameters were also recorded on woody 
shrubs, and the smallest pluck diameter and range of pluck diameters were recorded on 
spinescent shrubs. Males achieved the largest pluck diameters on woody shrubs and 
females achieved the largest average plucks on succulent shrubs. The smallest pluck 
diameters were removed from spinescent shrubs by both males and females (Table 3.2).  
 
Table 3.4 presents the frequencies of the different modes of elephant foraging recorded: 
direct bites, plucks and strips. Direct bites (n = 9) were only encountered on the woody 
shrubs, S. afra and E. undulata and the succulent shrub P. afra. The most bites by both 
males and females were encountered on S. afra and the single bite recorded for  
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 E. undulata was by a cow without “fingers” on the trunk. Strips (n = 6) were recorded for 
the spinescent species, A. tetracantha and succulent shrub P. afra. Strips combined with 
plucks were also recorded but not reported in the table (n = 3). Plucks had the highest 
frequency of all the modes of foraging by elephants (n = 92), of which most were single 
and not multi-stemmed plucks. Only two instances were recorded where elephants took 
more than one bite of material removed by pluck and further analysis was not possible 
 
Table 3.4  Total observations of direct bites, plucks and strips recorded on spinescent 
shrubs, succulent shrubs and woody shrubs taken by elephant together with χ2 evaluations 
of the independence of plucks and elephant sex; χ2 = 4.190, df = 1, p = 0.041 ). 
Female Male
Observed Expected Observed Expected Total
Multiple plucks 7 11.75 16 11.25 23
multiple bites 5 5
multiple strips 1 1 2
single bites 2 2 4
single plucks 40 35.25 29 33.75 69
single strips 3 1 4
Total 53 54 107
 
 
Small sample sizes made it difficult to test for differences in the frequency of occurrence 
of the different modes of feeding on all the plant species and sexes. A 2x2 contingency 
table with Yates correction for continuity (Zar 1999) showed that the selection of single 
or multiple plucks was dependant on the sex of an elephant (χ2 = 4.190; df = 1; p = 
0.041).  The frequency of females taking single plucks was 5 fold that of taking multiple 
plucks (Table 3.4). For male elephants the occurrence of single plucks was also more 
than twice that of multiple plucks. Table 3.4 also shows that male elephants had a higher 
frequency of multiple plucks than females. Conversely females took a higher frequency 
of single plucks than male elephants.  
 
Further analyses to test whether different diameters can be attained with different 
foraging modes (e.g. plucks vs. direct bites) could not be carried out because of low 
sample size of bites.  A comparison was made of the biomass removed (related to 
diameter) per pluck (n = 9) and direct bite (n = 6), for the woody species S. afra. On S. 
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 afra considerably more biomass was removed during plucks (400.4 ± 220.8 g) than direct 
bites (35.9 ± 4.8 g), but this did not differ significantly (Mann Whitney U = 15, p = 0.16).  
 
3.3.3.4 Foraging rate
Female elephants did not achieve significantly higher foraging rates than males (Table 
3.1), although male and female elephants achieved significantly different foraging rates 
on spinescent shrubs (Table 3.1 & 3.2).  The highest average foraging rates was attained 
on succulent shrubs (Table 3.2). The highest maximum foraging rate was recorded on a 
spinescent shrub and the lowest maximum foraging rate on woody shrubs. Both sexes 
attained their highest foraging rates on succulent shrubs; males had the lowest foraging 
rates on spinescent shrubs and females on woody shrubs.  
 
Foraging rates attained on grasses and forbs (Fig 3.12) were also not influenced by 
elephant sex (F = 1.33, df = 1, p = 0.25) or growth form (F = 1.60, df = 1, p = 0.21), but 
growth form had a different effect on the foraging rates of the two sexes (F = 4.32, df = 1, 
p = 0.04). Tukey’s post hoc test for unequal n however does not indicate any significant 
differences between the foraging rates for grasses and forbs between the sexes. The 
largest difference in foraging rate was between the average foraging rate on forbs (4.04 ± 
1.22 bites/min) and grass (7.12 ± 1.10 bites/min) for males (Fig 3.12). Although not 
significant in the Tukey test (p = 0.06), this could have contributed to the observed 
significant interaction between sex and growth form.  Figure 3.12 presents the average 
foraging rates of all the growth forms and it can be seen that for male elephants, the 
lowest average foraging rates were recorded on forbs and the highest on grasses. Female 
elephants attained the lowest average foraging rates on woody shrubs and the highest on 
succulent shrubs, which does not differ much from that of spinescent shrubs. Foraging 
rate decreased with an increase in pluck size (rp = -0.271, p < 0.05, n = 100), for all 
growth forms combined (Fig 3.13). 
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Fig 3.12  Mean foraging rates obtained on different growth forms (spinescent shrubs, 
succulent shrubs, woody shrubs, forbs and grasses) by male and female elephants in the 
AENP. 
 
Possible differences in foraging rates between direct bites (n = 5) and plucks (n = 7), 
were tested for S. afra although few samples were available. The foraging rates attained 
on S. afra for plucks (4.59 ± 1.85 plucks/min) were not significantly higher (t = 0.842, df 
= 10, p = 0.42) than that for bites (2.70 ± 0.84 bites/min).  
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Fig 3.13  Scatterplot of the relationship between elephant pluck size (g) and foraging rate    
(bites/min) on all growth forms (rp = -0.271, p < 0.05, n = 100). 
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 3.3.3.5 Intake rate  
The results of the ANOVA (Table 3.1) show that female elephants did not achieve higher 
intake rates than males (averages presented in Table 3.2). The highest intake rate was 
attained on woody shrubs, which also had the largest range of intake rates, followed by 
spinescent shrubs and succulent shrubs (Table 3.3). There were no significant differences 
in the intake rates recorded for the different growth forms and there was no interaction 
between sex and growth form. The highest average intake rates for both male and female 
elephants were recorded on woody shrubs followed by spinescent shrubs, and succulent 
shrubs (Table 3.2).  The highest maximum intake rate was recorded for females on 
woody shrubs. Both sexes exhibited a very high range for intake rates (i.e. 0.5 – 660.6 
g/min for males, and 2.8 – 2911.4 g/min for females). 
 
3.3.3.6 Feeding height
Male elephants did not forage at significantly greater heights than female elephants 
(Tables 3.1 & 3.2). The highest foraging height was recorded for male elephants. The 
maximum plant height (mean maximum plant height = 1.93 m) and feeding height of 
both male elephants (rp = 0.606, p < 0.001, n = 55) and female elephants (rp = 0.565, p < 
0.001, n = 53) was positively correlated, which suggests that elephants tended to forage 
near the top of plants.  However there were also a positive relationship between minimum 
height of foliage available on the plant that was being foraged on and the feeding height 
for males (rp = 0.403, p = 0.003, n = 55) and females (rp = 0.286, p = 0.034, n = 53).  
Elephants, however, did not feed at the maximum height of plants with a significant 
difference between feeding height and maximum plant height (Male: t = -9.42, df = 54, p 
< 0.001; Female: t = -10.13, df = 52, p < 0.001). The feeding heights of elephants were 
also different from the lowest height of the available forage (M: t = 13.14, df = 54, p < 
0.001; F: t = 14.40, df = 52, p < 0.001). Male and female elephants also browsed from 
plants of the same average size (t = 0.097, df = 106, p = 0.923), with the average 
maximum plant height foraged on by males being 1.93 ± 0.641 m, and 1.94 ± 0.62 m for 
female elephants. 
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 Elephants in the AENP utilized a range of feeding heights (0.20 m – 2.7 m) (see also 
Paley 1997), while the highest frequency of foraging took place between 0.50 m and 1.00 
m (Fig 3.14). 
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Fig 3.14  Number of feeding height (FH) observations per category for elephants in the 
AENP. 
 
3.3.4 Comparison of feeding behaviour among thicket browsers 
The feeding behaviour of thicket browsers (bite diameters, foraging rates and intake rates 
of blue duiker, duiker, bushbuck, kudu and black rhino) provided by Wilson 2001, was 
compared to that of elephants from this study (Fig 3.15). These data were available for  
A. tetracantha, C. haematocarpa, E. undulata, P. afra and S. afra across both studies. 
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Fig. 3.15 The bite/pluck diameters, foraging rates and intake rates of thicket browsers (from 
Wilson 2001 for the thicket browsers, elephant data from this study) (At: Azima tetracantha, 
Ch:Carissa haematocarpa, Eu: Euclea undulata, Pa: Portulucaria afra, Sa: Schotia afra). 
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 3.4  DISCUSSION 
3.4.1 Elephant feeding behaviour 
3.4.1.1 Feeding height  
The majority of studies on elephant feeding behaviour have been undertaken in savanna 
and woodland systems, and especially on the browse and large tree component (Buechner 
& Dawkins 1961, Van Wyk & Fairall 1969, Barnes 1983, Ruggiero 1992, Frost 2001, 
Jacobs & Biggs 2002, Shannon 2005) where feeding heights up to extremes of 8 m 
(Croze 1974), and the pushing over of trees (Van Wyk & Fairall 1969, Coetzee et al. 
1979, Duffy et al. 2002) have been recorded. The fact that the thicket vegetation in the 
AENP does not include large trees (> 4 m) would therefore be expected to influence both 
the feeding behaviour of elephants, as well as the features of elephant feeding reported in 
this study. 
  
The high frequency of foraging between 0.50 m and 1.00 m (Fig 3.14) was consistent 
with other studies that found elephants to concentrate browsing below 2 m (Guy 1976, 
Jachman & Bell 1985, Paley 1997, Stokke & Du Toit 2000, Frost 2001, Shannon 2005). 
The maximum foraging heights and maximum heights of plants elephants foraged on 
were, however well below those recorded for populations in other vegetation types 
(Croze 1974, Frost 2001, Shannon 2005). Foraging by elephants in the AENP would be 
limited to levels below the vegetation height of four to five meters (Hall-Martin & Barrat 
1991), and even lower in areas that have been heavily browsed by elephants in the past 
with a resultant decrease in vegetation height (Barrat & Hall-Martin 1991). This 
concentrates the impact of elephant feeding in a very narrow height range on the woody 
and succulent shrub vegetation in the AENP.  
 
The relationship between feeding height and plant height that has been found in this and 
other studies (Paley 1997; Frost 2001; Stokke & Du Toit 2000), suggests that the  feeding 
heights of elephants in AENP (and possibly elsewhere) are mostly determined by the 
availability of vertical feeding opportunities, that may vary according to vegetation height 
and type. 
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 3.4.1.2 Plucks  
Elephants are robust foragers that can remove a large amount of plant biomass with a 
single pluck, and particularly after several plucks on the same individual plant (Stokke & 
Du Toit 2000).  Addo elephants removed pluck diameters considerably smaller than 
would be expected compared to the average and maximum values recorded elsewhere 
(Stokke & Du Toit 2000, Frost 2001, Greyling 2004). The smaller pluck diameters are 
consistent though with studies that found elephants concentrated foraging on leaves and 
small branches (Shannon 2005). This may reflect differences in vegetation types between 
the various studies. 
 
When compared with the mean bite diameters of other indigenous thicket browsers in the 
AENP (Wilson 2001), it can be seen that elephants consistently remove larger diameters 
than the other browsers (Fig 3.15 a) and that bite/pluck diameter generally increases with 
an increase in body size (Wilson 2003).  Pluck/bite size and foraging rate are usually 
inversely related, larger plucks/bites requiring more handling time, slowing down the rate 
at which plucks/bites can be removed (Owen-Smith 1992, Spalinger & Hobbs 1992, this 
study – Fig. 3.13). This explains why the largest herbivores in AENP had lower average 
foraging rates than the smaller herbivores (Fig 3.15 b) and may also explain the 
differences achieved on the different growth forms. Larger plucks/bites can also increase 
intake rate (with an asymptotic relationship between pluck/bite size and intake rate – 
Shipley et al. 1999) because more plant material is ingested requiring fewer plucks 
(Spalinger & Hobbs 1992), explaining the highest intake rates by elephants (Fig 3.15 c).  
Larger plucks can however also decrease intake rate as larger bites require a longer time 
for processing and chewing (Spalinger & Hobbs 1992). The relationship between bite 
size, foraging rate and intake rate is furthermore influenced by factors such as time and 
resource availability; bite dimension and plant structure and time spent on non-foraging 
activities (Owen-Smith 1992, Spalinger & Hobbs 1992, Wilson & Kerley 2003). 
 
The larger mouth dimensions, aided by the prehensile trunk and strength to break off 
larger amounts of plant material per pluck, can therefore increase intake (Gross et. al. 
1993, Bradbury et.al. 1996, Owen-Smith 1992, Shipley et al. 1999) and allow elephants 
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 to meet larger absolute metabolic requirements, including more lower quality plant 
material which elephants are adapted to handle (Owen-Smith 1992, this study).  
Furthermore, by removing the most biomass per plant per bite (with pluck sizes of up to 
638 g), a wider range of pluck sizes (Table 3.2) and attaining higher intake rates, 
elephants would be able to reduce the foraging opportunities for other browsers (Owen-
Smith 1992, Fritz et al. 2002) and have considerable consequences for the plants. 
 
The mean foraging rates recorded for grazing (6.6 plucks/min) and browsing (5.7 
plucks/min) of elephants in the AENP falls within the large range of foraging rates that 
have been recorded for elephants (Wyatt & Eltringham 1974, cited in Owen-Smith 1992, 
Guy 1976, Paley & Kerley 1998). The great differences in rates recorded can be 
indicative of different ways of defining foraging rate. However the influence on foraging 
and intake rate of factors such as availability and distribution of forage (Owen–Smith 
1992) and plucks (Gross et.al. 1993), type of growth forms or species included in the 
studies and the total time available for feeding (Shipley et.al. 1999) will probably vary 
considerably between study areas.  
 
The different ways of removing plant material by elephants, i.e. direct bites, strips and 
plucks are also likely to influence elephant feeding behaviour and elephant feeding 
behaviour in comparison to other browsers. The way in which bites, strips and plucks 
would influence the feeding height, pluck size, the rate at which plant material can be 
removed and ingested needs to be further explored.  
 
3.4.1.3 Discard 
Elephants are known to be robust and wasteful feeders that can and do discard large 
quantities of the plant material harvested while feeding (Ishwaran 1983). Paley (1997) 
calculated that more than half of the daily intake for the whole herd of elephants in the 
AENP may be discarded (an equivalent of 27 000 kg). In the present study, although 
sample sizes were small, about 25 % of plant material removed per pluck was discarded. 
Elephants removed entire P. afra plants, only consumed the roots and discarded the rest, 
thus the biomass discarded per foraging event can be very high. P. afra has been 
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 identified as an important component of the diet of elephant (Paley 1997, Landman et al. 
(in prep)) and also an important litter component (Paley 1997), which illustrates that the 
impact of elephants as a result of feeding and litter production can be larger on certain 
plant species compared to others. 
 
Although removed and discarded plant material constitutes a loss in biomass of plants 
and possible foraging opportunities, discarded material plays an important role in the 
ecosystem. Litter production can influence a diverse range of factors or processes, such 
as soil properties (McInnes et al. 1992), energy flow and nutrient cycling (Harmon et al. 
1986).  Elephant feeding also seems to be able to bring about a change in the size, 
nutrient levels and dynamics of litter in thicket vegetation (Kerley & Landman 2006). In 
addition, litter can create foraging opportunities for co-existing species (Croze 1974, Van 
Wyk & Fairall 1969) and it was observed (personal observation) that in the AENP 
elephant calves would forage on branches discarded by the older females in the family 
group.  
 
3.4.2 Elephant foraging behaviour: influence of growth form  
Browser morphology and nutritional demands together with the plant morphology and 
associated fibre and nutritional content, and chemical defense play a deterministic role in 
bite or pluck size (Wilson 2001, Jachman & Bell 1985, Palo et al.1992). The influence 
that plant architecture has on elephant feeding behaviour and the fact that elephant impact 
may vary with growth form, is evident from the differences in pluck sizes recorded on the 
different growth forms (Table 3.3 & Fig 3.15).  Wilson (2001) found that for other 
indigenous browsers, spinescence, moisture, fibre content and leaf:stem ratio were the 
most important plant structural factors to influence bite size, bite rates and therefore 
intake rates. 
 
Spinescent species are known to have a lower leaf: stem ratio (Belovsky et al. 1991) and 
species in this study only offered relatively small branch diameters (Appendix 2), 
whereas the succulent and woody shrubs offer a greater range of branch diameters, 
including larger branch sizes with a greater range of potential pluck sizes available 
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 (Appendix 2) (Wilson 2001). Elephants have been reported to select browse for protein 
and sodium content and to be influenced by high fibre content and the chemical defense 
of plants (Jachman & Bell 1985). These structural and chemical factors are therefore 
likely to influence the feeding behaviour of elephants on different growth forms (Table 
3.3). 
 
Contrary to the other browsers, including black rhinos, (Wilson 2001) elephants’ feeding 
behaviour was not negatively affected when feeding on spinescent shrubs. It has been 
proposed that elephants prefer thorny to non-thorny species (Mueller-Dombois 1972) and 
benefit from high crude protein and low fibre content that have been reported for 
spinescent species (Cooper & Owen-Smith 1986). Elephants may be able to more 
efficiently utilize plant resources that may be limiting to co-existing browsers in terms of 
the biomass that can be removed from spinescent plants.   
 
The conclusions regarding the influence of growth form on elephant foraging behaviour, 
can only be applied with confidence to plant species used in this study. 
 
3.4.3 Elephant foraging behaviour: influence of body size  
Body size has implications for the entire process of foraging by herbivores, from 
locating, acquiring, harvesting and the handling of plant material (Hanley 1982, Provenza 
& Malechek 1986, Du Toit 1990, Shipley et al. 1999, Wilson 2001, Owen-Smith 1992, 
Woolnough & Du Toit 2001, Stokke & Du Toit 2002) through to digestion and metabolic 
requirements (Demment & Van Soest 1985, Owen-Smith 1992) of the animal.  
 
Most of the elephants’ foraging behaviour parameters tested in AENP were not 
influenced by body size. It was evident throughout the parameters tested however that 
larger sized elephants removed a larger range of pluck sizes as found by Stokke & Du 
Toit (2000), a larger range of foraging rates, intake rates and feeding heights. This high 
variability probably resulted in statistical tests not detecting significant correlations 
between size and elephant feeding behaviour. The fact that larger elephants utilized a 
wider range of plucks and feeding heights however does have significant consequences 
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 for the elephants, their co-existing browsers as well as the impacts they have on 
vegetation.   
 
The ranges of the larger-sized individuals included the maximum and minimum values 
for pluck size, foraging rate and intake rate.  A larger body size requires the intake of 
more forage and affords larger elephants the advantage of being able to digest a diet that 
varies in quality and to remove larger plucks (Demment & Van Soest 1985, Owen-Smith 
1992, Clauss et al. 2003).  It has been found that larger elephants, not only remove larger 
pluck sizes than juveniles, but also forage at higher levels in the vicinity of juveniles 
(Stokke & Du Toit 2002).   
 
Although the heights at which elephants have been recorded to forage (Croze 1974) 
might lead one to expect larger elephants to forage at higher heights than smaller 
individuals, elephants in Addo concentrated their foraging in a narrow height range. The 
influence of the lower height of thicket vegetation on elephant feeding height has already 
been discussed. Larger body sizes still afford larger elephants the opportunity to forage 
higher, as is evident from the feeding heights recorded in Addo.  
 
3.4.4 Elephant foraging behaviour: influence of sex 
In addition to the large difference in body size of sexually dimorphic species such as the 
elephant, the reproductive strategies of the two sexes also influence feeding behaviour 
(Shannon 2005).  The difference in feeding behaviour that would be expected from 
females with a higher relative metabolic rate and added demands placed by reproduction, 
and males with larger body size and greater absolute energy demands (Shannon 2005), 
was not apparent in the feeding behaviour of elephants in Addo. Thus, female and male 
elephants can have equally great impacts on vegetation and may compete for the same 
resources when limited.  Conversely, it may indicate that the AENP elephants do not 
experience resources to be limited (see Kerley & Gough 2006), or exhibit niche 
separation through other mechanisms not tested here, such as reported by Cransac et al. 
(1998), Stokke & Du Toit (2001), Stokke (1999), Shannon (2005) and others. 
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 However, both male and female elephants utilized a large range of pluck sizes, foraging 
heights, foraging rates and intake rates that could once again have resulted in statistical 
tests not detecting significant differences between the sexes. Differences between the two 
sexes were however evident in the maximum values or upper limits of the ranges (Table 
3.2) and growth forms also influenced the feeding behaviour of the two sexes in different 
ways (Table 3.1 & Table 3.2 & Fig 3.12).  
 
There was a correlation between body size and biomass removed for male elephants, 
indicating that although adult males included smaller pluck sizes while feeding, they 
consistently removed the largest biomass per pluck (see also Table 3.2). The fact that 
female elephants removed more single plucks than males, that males removed more 
multiple than single plucks, that male elephants removed the largest pluck sizes, that 
males had higher maximum feeding heights and the difference between sexes in feeding 
behaviour on growth forms, indicates mechanisms sexes could use to vary forage intake. 
 
Mueller-Dombois (1972) noted that the presence of tusks of the African elephants caused 
these elephants to be more destructive when foraging on trees than the Ceylon elephants 
which generally have no tusks. It is proposed here that the absence of tusks of the female 
elephants in the AENP (see Whitehouse 2002) also influence the feeding behaviour and 
impact compared to that of males with tusks. It was observed on several occasions that 
bulls used their tusks as leverage while breaking off larger branches with their trunks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 61
 CHAPTER 4 
CONCLUDING DISCUSSION 
 
 
4.1  ELEPHANT FEEDING HEIGHT: PREFERENCE AND USE  
Feeding behaviour and in particular, feeding height preference is a function of body size 
for a range of browsers (Jarman & Sinclair 1979, Du Toit 1990, Wilson 2001, 
Woolnough & Du Toit 2001).  For elephants, preferred foraging height was found not to 
be related to shoulder height. Elephants preferred to forage at heights of 25 cm.  This 
reflects the use of the trunk, rather than the mouth to harvest food. The trunk is thought to 
be an adaptation for feeding, especially grazing (Watson 1946, Cerling et al. 1999), with 
graze-based forage generally being low growing. This may therefore explain the paradox 
of tall animals preferring to feed low down. 
 
Elephants in the AENP concentrated feeding at heights of 1.2 m, higher than the 
preferred feeding height and lower than the maximum feeding heights that have been 
recorded both in Addo (2.70 m) and  experimentally (5.25 m). Feeding height is therefore 
not determined by elephant morphology. A range of mean feeding heights have been 
reported for browsing elephant in free ranging conditions (Guy 1976, Jachman & Bell 
1985, Stokke & Du Toit 2000, Frost 2001, Greyling 2004, Shannon 2005), although 
varying according to study area, all were higher than the preferred feeding height. 
Elephant feeding height in free ranging conditions is therefore probably determined by 
forage availability, and will probably also reflect the diet in terms of browse or grass 
composition.  
 
4.2  ELEPHANT FEEDING: IMPLICATIONS FOR RESOURCE PARTITIONING 
Browsers that rely on the same limiting food resources in the same area will potentially 
compete for these resources unless resource partitioning takes place at some level 
(Lamprey 1963, Jarman & Sinclair 1979, Voeten & Prins 1999). This competition for 
resources is important for shaping herbivore communities (Schoener 1974, Jarman & 
Sinclair 1979, Spencer 1995, Owen-Smith 2002) and it is thought that if competition has 
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 occurred over evolutionary time it eventually leads to niche separation which thereby 
limits competition (Jarman & Sinclair 1979, Owen-Smith 1985, Moss 1991). Body size is 
an important factor in resource partitioning in communities where competition shapes 
herbivore communities (Lamprey 1963, Demment & Van Soest 1985, McNaugton & 
Georgiadis 1986).  
 
Feeding height stratification has been proposed as a mechanism for resource partitioning 
between indigenous thicket browsers (Wilson 2001) because both the preferred and 
maximum feeding heights of five indigenous thicket browsers ranging in size from the 
blue duiker (mean shoulder height = 0.30 m) to the black rhinoceros (mean shoulder 
height = 1.55 m) were related to shoulder height. This creates opportunities for resource 
partitioning if the browsers foraged at the preferred foraging heights, or when the larger 
browsers forage at the maximum feeding heights.  Similar patterns have been suggested 
for resource partitioning in savanna (Owen-Smith 1985, Du Toit 1985). 
 
Neither the preferred foraging height of elephants (0.25 m) nor the mean feeding height 
recorded for free ranging elephants in the AENP (1.20 m), was related to shoulder height.  
Furthermore, elephants foraged over a range of feeding heights (up to 5.25 m) and are not 
limited by the reach of their necks such as the other thicket herbivores (Wilson 2001). By 
concentrating feeding at the same levels (below 1.50 m) as that of other browsers and 
also foraging over the entire range of forage available for all the browsers (up to 2.70 m), 
elephants in the thicket vegetation of the Eastern Cape limit opportunities for resource 
partitioning by way of feeding height stratification. This supports the conclusion reached 
by Du Toit (1990) and Wilson (2001) that the overlap in foraging heights might be more 
important for interspecific competition than the stratification of feeding heights.  
 
Elephants are robust foragers that removed considerably larger plucks than other 
browsers (up to 48.7 mm in diameter compared to the mean of 16.3 mm for black rhinos) 
from plants and as such can access larger forage biomass than the co-occurring browsers. 
They can therefore remove more plant biomass, tolerate a large variation in the quality of 
forage including higher quality forage favored by smaller species (Owen-Smith 2002, 
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 Claus et al. 2003) at the same levels as co-existing species and can utilize forage beyond 
the reach of other browsers.  Not only does the trunk afford elephant the advantage of 
feeding at higher levels than predicted by body size, but may also provide an advantage 
in being able to reach deeper into dense plants or bush clumps characteristic of the thicket 
vegetation in the AENP (Archibald 1955), than other species. Thus elephants can 
potentially access the forage available to the other co-existing browsers. 
 
This raises two important questions. Firstly what allows the co-existence of the suite of 
browsers that occur in thicket, given that elephant appear to be able to access all the 
resources (and hence potentially exclude) available to the other browsers. Alternatively, 
we need to ask what limits elephant numbers in thicket. This is especially important 
given the observed impacts of elephants on vegetation and other elements of biodiversity 
(Kerley & Landman 2006) and the lack of evidence for density dependence in elephants 
(Gough & Kerley 2006). These questions are however beyond the scope of this study. 
 
Elephants may not only compete with their co-existing browsers, but also facilitate 
feeding (Fritz et al. 2002, Owen-Smith 2002, Makhabu et al. 2006). Feeding 
opportunities are created for other browsers when, for example, plant height is reduced 
by elephant feeding (as has been reported for the vegetation in Addo by Barrat & Hall-
Martin (1991)) and when browsing by elephants leads to production of more forage at the 
levels within reach of the smaller browsers (Makhabu et al. 2006).  However, the greater 
portion of resource consumed by elephants and the larger biomass of elephants, may lead 
thereto that less favourable resources are being left to support the other browsers, 
especially in periods when food resources become limiting (Owen-Smith 2002). This 
issue needs to be explored further. 
 
4.3 ELEPHANT FEEDING: ASSESSING IMPACT AND AVAILABILITY 
Elephants function as a keystone species, and their impact on vegetation and ecosystems 
has been widely discussed (Russel 1968, Mueller-Dombois 1972, Barnes 1983, Hall-
Martin & Barratt 1991, Jachmann & Croes 1991, Midgley & Joubert 1991, Jacobs & 
Biggs 2002, and many more).  Impacts recorded include a decline in woody vegetation 
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 (Barnes 1983, Jachmann & Croes 1991) and an increase in grassland (Russel 1968), 
change in species composition and richness (Penzhorn et al. 1974, Hall-Martin & Barratt 
1991, Jachmann & Croes 1991, Moolman & Cowling 1994, Johnson et al. 1999, 
Lombard et al. 2001) and a reduction in vegetation height (Jachmann & Bell 1985, Hall-
Martin & Barratt 1991).  
 
In many ecosystems the mechanisms driving these processes are generally poorly 
understood and quantified (Kerley & Landman 2006).  Research has indicated that other 
mechanisms/factors may influence or be responsible for the negative impacts on 
vegetation thought to be the direct consequence of elephant feeding (Pellew 1983, Owen-
Smith 1992, Kerley & Landman 2006, Landman et al. (in prep)). One such example is 
the decline and disappearance of endemic small succulents, geophytes and Aloe africana 
from the elephant enclosure in the AENP. This is thought to be a direct consequence of 
elephant herbivory (Penzhorn et al. 1974, Moolman & Cowling 1994). It was found 
however that these species constitute a very small percentage of the diet of elephants 
(Davis 2004, Landman et al. (in prep)).  Although elephant herbivory is not always 
directly responsible for the observed changes in vegetation, many of the other elephant 
impacts and cascading effects as a result of the impact may be responsible for the altering 
of systems. Very little is still known about many of the effects that elephant impacts have 
on vegetation and the consequences thereof for other browsers (Cowling & Kerley 2002, 
Kerley & Landman 2006, Landman et al. (in prep)) or in many cases the biology of the 
vegetation on which elephants impact (Weyerhaeuser 1985, Hoffman & Everard 1987). 
 
This study quantified the direct impacts of elephants feeding on vegetation in the AENP 
and how it may vary within the population as a consequence of size and sex. The fact that 
large amounts of plant material are discarded by elephants (this study, Paley 1997) and 
that plant species not included in the elephant diet have been recorded as litter (Paley 
1997), emphasizes that the positive and negative impact of elephants on plants and 
systems can not only be measured by the amount of food that they ingest (Paley 1997).  
The results obtained here can, keeping in mind that elephants in Addo are present at very 
high densities (Cowling & Kerley 2002, Kerley & Landman 2006), be used to predict the 
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 direct elephant impacts in other areas with thicket vegetation (and how this may vary 
within populations consisting of individuals of various sexes and sizes). 
 
As total plant biomass does not indicate the foraging opportunities available to browsers 
or the mechanisms for the patterns of resource use (Telfer 1981, Gross et al. 1993a, Gross 
et al. 1993b), the data on elephant feeding behaviour is valuable for determining browse 
available specifically for elephants in thicket vegetation.  The information obtained on 
the foraging heights where elephants concentrate their feeding and feeding height ranges, 
pluck sizes of elephants and how it varies with growth forms, as well as the diameter- 
mass regressions for plant species, can now be employed to determine the browse 
available to elephants with the browse inventory methods discussed by Telfer (1981) and 
already employed for other browsers in thicket vegetation (Kamineth 2001, Ralph 2001, 
Landman (in prep)).  Furthermore, the data affords the opportunity for the integration of 
information on forage availability collected on members of the thicket browsing 
community (e.g. Kamineth 2001, Ralph 2001, Wilson 2001, Landman (in prep)). This 
can then be used to explore resources that may be determining herbivore community 
structure. In addition, these browse inventory methods may be of use to develop 
monitoring tools to asses the impacts of elephants on plants. 
 
4.4 FUTURE RESEARCH  
It is now known that opportunities for resource partitioning between elephants and other 
browsers through feeding height segregation might be limited, and that elephants may 
potentially utilize a large portion of available browse resources.  Further research on both 
the feeding and behaviour of the suite of thicket browsers in free ranging conditions and 
forage opportunities available under elephant browsing, may elucidate if forage is 
functionally limited, and other possible mechanisms for resource partitioning operating 
among these co-existing species.  
 
Elephant males and females have been reported to function as ecologically distinct 
species on the basis of foraging behaviour, movements and sociality (Shannon 2005). 
One must recognise that males and females, especially of sexually dimorphic species, can 
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 have different requirements and therefore behaviour. This is important for conservation 
and management (Stokke & Du Toit 2000, Shannon 2005). Elephant bulls in Addo do not 
use exclusive “male retirement areas” and consequently the ranges of male and female 
elephants overlap (Whitehouse & Schoeman 2003). The distinction between male and 
female feeding behaviour was not always evident in this study.  Taking into account the 
high quality forage in Addo (Seydack 2000) and forage availability, further research on 
differences in resource use at different scales and patches, as well as how group living 
influences feeding can further indicate or clarify sex-specific feeding impact. 
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Appendix 1: Previously identified Principal (woody and tall succulent) Dietary 
Items (> 2 %) in the diet of elephants of the Addo Elephant National Park, 
indicating the % the plant species constituted of the diet in the sampling areas 
(data from Landman et al. (in prep) & Davis 2004). 
 
     Addo   Nyati 
         (Landman et al.)            (Davis  2004) 
 
Azima tetracantha       4.4    15.4       
Capparis separia     2.9      0.7 
Carissa haematocarpa    6.1       0.4 
Euclea undulata*     1.3      0.4 
Grewia robusta†     2.3      0.1 
Gymnosporia polyancantha    3.0      2.1     
Portulucaria afra     9.3      1.9  
Putterlickia pyracantha†    2.5 
Rhus longispina†     2.9       2.2  
Schotia afra      3.4      3.9              
*Not a Principal dietary item in Landman et al. (in prep) or Davis (2004),  
 but included as dietary item present in large proportions in the elephant diet AENP 
(Paley & Kerley 1998) 
† Significantly preferred, i.e. utilized in larger proportions than available. 
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 Appendix 2: Diameter – wet mass relationship for branches of selected plant 
species used to estimate the biomass of forage species (note that branch 
diameters used by elephants were used to determine the range of diameters 
sampled). 
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Fig A2.1   Linear regression of the branch diameter – wet mass relationship (log-log) for  
Portulucaria. afra (n = 56; F = 452.40; df = 55; p < 0.001), with 95 % confidence bands. 
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Fig A2.2   Linear regression of the branch diameter – wet mass relationship (log-log) for 
Schotia afra (n = 35; F = 1470.71; df = 34; p < 0.001), with 95 % confidence bands. 
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Fig A2.3   Linear regression of the branch diameter – wet mass relationship (log-log) for 
Euclea undulata (n = 31; F = 266.55; df = 30; p < 0.001), with 95 % confidence bands. 
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Fig A2.4   Linear regression of the branch diameter – wet mass relationship (log-log) for 
Azima tetracantha (n = 57; F = 290.71; df = 56; p < 0.001), with 95 % confidence bands. 
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Fig A2.5   Linear regression of the branch diameter – wet mass relationship (log-log) for 
Carissa haematocarpa (n = 20; F = 22.15; df = 19; p < 0.001), with 95 % confidence 
bands. 
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Fig A2.6   Linear regression of the branch diameter – wet mass relationship (log-log) for 
Gymnosporia  polyacantha (n = 40; F = 195.65; df = 39; p < 0.001), with 95 % 
confidence bands. 
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 Appendix 3: Diameter – dry mass relationship for branches of selected 
plant species used to estimate the biomass of forage species. 
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Fig A3.1   Linear regression of the branch diameter – dry mass relationship (log-log) for 
 Portulucaria afra (n = 56; F = 540.56; df = 55; p < 0.001), with 95 % confidence bands. 
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Fig A3.2   Linear regression of the branch diameter – dry mass relationship (log-log) for 
Schotia afra (n = 35; F = 283.81; df = 34; p < 0.001), with 95 % confidence bands. 
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Fig A3.3   Linear regression of the branch diameter – dry mass relationship (log-log) for 
Euclea undulata (n = 31; F = 289.61; df = 30; p < 0.001), with 95 % confidence bands. 
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Fig A3.4   Linear regression of the branch diameter – dry mass relationship (log-log) for 
Azima tetracantha (n = 57; F = 268.23; df = 56; p < 0.001), with 95 % 
confidence bands. 
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Fig A3.5   Linear regression of the branch diameter – dry mass relationship (log-log) for 
Carissa haematocarpa (n = 20; F = 21.27; df = 19; p < 0.001), with 95 % confidence 
bands. 
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Fig A3.6   Linear regression of the branch diameter – dry mass (log-log) relationship for 
Gymnosporia. polyacantha (n = 40; F = 214.93; df = 39; p < 0.001), with 95 % 
confidence bands. 
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Fig A3.7   Linear regression of the branch diameter – dry mass relationship (log-log) of        
“strips” for Azima tetracantha  (n = 26; F = 110.67; df = 25; p < 0.001), wit 95 % 
confidence bands. 
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Fig A3.8   Linear regression of the branch diameter –dry mass relationship (log-log) of  
“strips” for Portulucaria afra (n = 12; F = 163.13; df = 11; p < 0.001), with 95 % 
confidence bands. 
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